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AESTRACT 

A versatile computer program to predict the 
thermal history of a spacecraft orbiting a celestial 
body is documented. With this program, all external 
thermal-radiation heat loads, thin-skin temperatures, 
or  both, are computed for a spinning o r  oriented 
spacecraft as a function of orbit position and time. 
The generalized program applies to any spacecraft 
configuration. A major feature of the program is its 
applicability to effects resulting from the extreme 
surface temperature of the Moon. 

Major sections are entitled "Heat-Transfer 
Theory, '' "Celestial Mechanics Theory: Coordi- 
nate Systems, '' "Numerical Analysis, '' "Digital 
Computer Program, '' and "Computer I Program 
Application. I '  In addition, sample problems, a com- 
plete program listing, and a program user's guide 
explaining the data input format are included. 

ii 
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A COMPUTER PROGRAM FOR CALCULATING EXTERNAL 

THERMAL-RADIATION HEAT LOADS AND TEMPERATURES OF 

SPACECRAFT ORBITING THE PLANETS OR THE MOON 

By Harold L. Finch and Duncan Sommerville 
Midwe st Res ear c h Institute 

and 

Robert Vogt and Davis Bland 
Manned Spacecraft Center 

SUMMARY 

A computer program to predict the thermal history of a spacecraft in orbit about 
a celestial body is presented. The program, associated information required for use 
of the program, and the theory and methods used to develop the program a r e  included. 
The thermal environment predicted is comprised of all external thermal-radiation heat 
loads, thin-skin temperatures, o r  both, for a spinning or orieiited space vehicle as a 
function of orbit position and time. Manned and unmanned satellites and spacecraft o r  
other objects in orbit oriented on the Sun, the Moon, Earth, o r  a planet other than 
Earth are within the capability of the program to predict the thermal history of oriented 
vehicles. A maximum of 200 vehicle surface elements can be analyzed by the computer 
program. The constant or  temperature-dependent thermophysical properties of each 
element are obtained from one of eight optical-properties tables and from one of eight 
substrate-properties tables. 

The program is generalized so that calculations can be performed for any spec- 
ified element location. The program does not incorporate details of spacecraft config- 
uration, and the shadowing of one portion of a spacecraft by another spacecraft o r  by 
a portion of the same spacecraft is not considered. 

A significant feature of the program is the ability to consider the effects of ex- 
treme lunar-surface temperature variations on a lunar-orbital spacecraft. The results 
from a hypothetical lunar-orbital mission confirm the value of this feature of the pro- 
gram by displaying e r ro r s  of +loo" F, on the erroneous assumption that the tempera- 
ture of the Moon is constant along the surface. 



INTRODUCTION 

Because of the extreme temperature environment of space and because of the 
critical limits in the operating temperatures of spacecraft materials, thermal control 
is an important consideration in the development of spacecraft and components. With 
the absence of an atmosphere in space, the mode of heat transfer between the space- 
craft and its natural environment is thermal radiation. Thus, to insure satisfactory 
thermal design, a means of accurately determining the spacecraft external radiative 
environment is required. To determine the environment readily and economically for 
parametric design analysis, a computer program designed to continuously determine 
external heat fluxes and temperatures as a vehicle orbits a planet was developed by 
Midwest Research Institute (MRI) for the NASA Manned Spacecraft Center (MSC) under 
contract NAS 9-1059. To improve the efficiency, capabilities, and input-output for- 
mats of the program, several modifications have been added to the program by NASA 
MSC. This report is a description of the program developed by MRI with the NASA 
MSC modifications. 

The program, which is documented in the Univac 1108 FORTRAN V language, is 
a generalized analytical tool capable of determining solar, planetary, and albedo (the 
solar heat reflected from a planet and its atmosphere) heat fluxes, temperatures, or  
both. Heat fluxes are obtained for spinning vehicles o r  for a large number of infinites- 
imal vehicle surface elements for a vehicle that is planet or  sun oriented. To deter- 
mine the quantity of incident thermal radiation on an elemental area of the vehicle, the 
angle of incidence is determined first by coordinate transformation, Using the angle of 
incidence, the configuration factors are obtained from a stored table of radiation- 
configuration-factor values. The table was  d d from a previous study in which 
the numerical integration of the applicable eq was  accomplished. The configu- 
ration factors are then used to calculate the component parts of the incident flux. The 
transient temperatures are calculated by numerical integration of the general differen- 
tial equation obtained by performing a heat balance about the elemental area. Although 
the program is capable of analyzing orbits about all planets except Pluto, special em- 
phasis has been placed on problems associated with lunar missions. (Sufficient plane- 
tary data are not available to analyze Pluto orbits. ) The approach used in analyzing 
spacecraft heating effects from the extreme surface temperature gradient of the Moon 
is known, at present, to be applicable only to the Moon. The computer program is 
written, therefore, so that its use is restricted to lunar orbits. However, if celestial 
bodies other than the Moon exhibit temperature variations similar to those of the Moon, 
the program can be modified accordingly, since this part of the program and the dis- 
cussion within this report are generalized. 

SYMBOLS 

A area 

a semimajor axis of orbit ellipse 

a semimajor axis of the semiellipse traced by the shadow of the planet 
S 
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B boundary on accumulated e r ro r s  

b 

b 

semiminor axis of orbit ellipse 

semiminor axis of the semiellipse traced by the shadow of the planet 
S 

C 1, C2 variable coefficient 

C specific heat 
P 

C 

D 

DEC 

distance between the center and focus of an ellipse 

distance between the orbiting vehicle and the center of the planet 

declination (latitude of the Sun with respect to the Xc-, Yc-, and Zc-axes) 

d 

E eccentric anomaly 

Ec, Ep 

distance between the orbiting vehicle and the planet element 

emissive power, appendix B 

total e r ro r  caused by numerical integration En 

e eccentricity of orbit ellipse 

e accumulated effect of round-off e r ror  over n steps ro  

e accumulated truncation e r ro r  over steps 1 to n-1 t, a 

e one-step truncation e r ro r  (the e r ror  caused by approximation over step n) t, n 

radiation configuration factor, i = 1,2,3,4 Fi 

G gravitational constant 

H altitude 

h vehicle skin thickness 

I intensity of radiation 

i inclination of orbital plane 

Q distance between center of areas exchanging radiant energy 
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I 

M 

P 

P 

&g 
q 

R 

RA 

r 

r 

0 

P 

rS 

r 

S 

T 

V 

Tm 

T 

t 

v 

P 

planet mass 

period (time to complete one orbit) 

internal heat generation 

heat flux 

solar reflectance of celestial body (albedo) 

right ascension (longitude of Sun with respect to the Xc-, YL-, and Z -axes) 

orbit radius 

planet radius 

shadow radius 

radius of a spherical vehicle 

solar constant 

temperature 

minimum planet temperature (dark side of planet) 

average planet temperature 

time 

volume 

C 

X, Y, Z coordinate axes 

angle 5 180" between the planet-Sun line and the X -axis 
P 

(Y 

(Y absorptance of vehicle material with respect to planet-emitted radiation 
P 

absorptance of the receiving surface (Yr 

(Y absorptance of vehicle material with respect to solar radiation 
S 

angle 5 180" between the planet-Sun line and the Z -axis, o r  the angle between 
P P 

a planet element-Sun line and the planet element normal 
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angle 5 180" between the planet-Sun line and the Y -axis 
P Y 

A' 

6 

E 

'e 

P 
E 

E V  

e 

e S  

A' 

"S 

h 

integration step-size as specified in input data; a smaller increment may be 
chosen by the computer program 

angle between the vehicle-Sun line and the vehicle-vehicle element line 

angle between the vehicle element-vehicle line and the vehicle -planet line 

emittance of emitting surface 

emittance of planet 

emittance of vehicle material 

angle between the planet-element line and the planet-vehicle line 

angle between the Sun-planet line and the planet-vehicle line 

angle measured from the Xv-axis (towards Yv) to the projection of the 
vehicle-vehicle element line on the X -Y plane v v  

angle measured from the Xv-axis (towards Yv) to the projection of the Sun- 
vehicle line on the Xv-Yv plane 

' angle between the vehicle -planet line and a vehicle -planet element line 

P density 

angle between the X -axis and the projection of the Sun-planet line on the 
P 

c 
X -Y plane 

P P  

U Stefan- Boltzmann constant 

Y vernal equinox (an intersection of the Earth equator and the ecliptic) ' true anomaly 

angle between the vehicle-planet-Sun plane and the vehicle element-vehicle- 
planet plane 'C 

value of ', where the vehicle passes into the shadow of the planet 'in 

value of Id, where the vehicle passes out of the shadow of the planet 'out 
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< 

angle between a normal to dAr and a line from dAr to Ae 8, 

J/ 

52 

52' 

52 - 

w 

a 

angle shown in figure B-1 

longitude of ascending node 

angle between the Zv-axis and the vehicle-vehicle element line 

autumnal equinox (an intersection of the Earth equator and the ecliptic) 

angle between the Z -axis and the Sun-vehicle line 

argument of perifocus 

V 

Subscripts : 

C celestial 

e emitting body 

n 

0 initial condition 

P planet 

r receiving body 

S SUn 

v vehicle 

specified number of computation steps 

ASSUMPTIONS 

The formulation of a practical computer program for the calculation of orbital 
heat fluxes and temperatures requires the use of simplifying assumptions. (These 
assumptions, none of which appreciably affect the accuracy of the program or the 
applicability of the program to the intended purpose, are summarized in the following 
items. It is necessary to evaluate each assumption with respect to application of the 
program to assure that each assumption is acceptable. 

1. Each element is assumed to be thermally isolated from all others; that is, 
conduction between nodes is not considered. However, the program output allows the 
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heat loads to each element as a function of time to be loaded conveniently into a heat- 
conduction program. If desired, the thermal-environment-prediction program may be 
modified so that the.heat loads are punched on cards in a specific format for use as 
direct input to a heat-conduction program. Programing has been done in FORTRAN V 
to facilitate such modifications. 

2. Conduction and convection between the vehicle and its surroundings are 
neglected. This assumption is generally valid, since orbits are usually well above any 
significant atmosphere. 

3. Perturbations are neglected. In cases in which perturbations have a signifi- 
cant effect upon the orbit, the mission should be subdivided into two or more segments, 
and each segment should be run as a separate case. The independently obtained, per- 
turbed orbit parameters in each case are then reentered as new input. 

4. The position of the Sun with respect to the orbit is assumed to be fixed. This 
assumption is reasonable, unless the flight duration becomes an appreciable portion of 
the planet period. If this occurs, the mission can be subdivided and run as several 
cases, each with the appropriate coordinates of the Sun specified as input data. 

5. The solar constant is assumed to be independent of the vehicle orbit posi- 
tion. Since the semimajor axis of a vehicle orbit is generally small compared to the 
distance from the Sun to the planet, solar radiation is essentially constant throughout a 
given orbit. 

6. Planet data, such as albedo and mass, are stored internally and a r e  assumed 
to be invariant. Although these data are essentially constant, the accepted values are 
occasionally refined. If the program data a re  to be refined accordingly, a section of 
the program must be changed and recompiled. This disadvantage of requiring refine- 
ment and recompilation is offset by the convenience of not having to include planet 
properties in the input data each time a case is to be run. 

7. The shadow of the planet is assumed to be cylindrically shaped, and penum- 
bral effects are neglected. The method of determining the intersection of the orbit and 
the shadow is described in appendix A. The resulting e r rors  in Sun-shade point and 
heat-load determinations are negligible even for large orbits. 

8. The thermal radiation discussed in this report is assumed to be diffuse. 
This assumption is reasonable, except for cases in which the radiation is emitted by a 
polished vehicle surface. 

9. Planet albedo is assumed to be independent of surface position or  features. 
An average value is used because the local values depend on such variables as clouds 
and other atmospheric conditions that are difficult to predict. 

10. Internally generated heat is assumed to be uniformly distributed over the 
applicable vehicle surface. If this assumption is not reasonable for any case, the in- 
ternal heat and corresponding surface element should be subdivided until an acceptable 
assumption is obtained. 

a 
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11. On the sunlit side, the Moon is assumed to absorb and emit energy as a 
smooth sphere. With this assumption, the absorbed energy available for emission is 
proportional to cos p, and the lunar-surface temperature is proportional to ~0s''~ 6. 
(A definition of p is provided in appendix B.) Based on a thorough survey of the liter- 
ature related to the discussion in this report, this assumption was found to be the most 
realistic and practical approach to handling the extreme temperature gradients over the 
lunar surf ace. 

12. The temperature Tm of the dark side of the Moon is assumed to be con- 
stant. This assumption is considered reasonable, since the heat radiated from the back 
side of the Moon is less than 1 percent of the heat radiated at the subsolar point, and 
variations in T introduce negligible changes in the heat flux . 

m gP 
13. The vehicle absorptance of reflected solar radiation is assumed to be the 

same as the vehicle absorptance of direct solar radiation. Although the spectral char- 
acteristics of solar radiation are probably changed when solar radiation is reflected, 
it is believed that this change has little effect on the solar absorptance as. 

HEAT-TRANSFER THEORY 

Fundamental heat-transfer theory has been used to determine the impinging heat 
loads and the transient surface temperatures of orbiting spacecraft. Heat-transfer 
theory and equations applicable to the discussion in this report are summarized in the 
following paragraphs of this section. Detailed derivations a re  given in appendixes A 
to c. 

Heat Loads 

A vehicle orbiting in a vacuum is externally heated by thermal radiation, princi- 
pally from the planet being orbited and from the Sun. (For convenience, throughout this 
report, the term "planet" applies to any planet o r  the Moon.) The amount of heat orig- 
inating fr.om other celestial bodies is generally negligible: Most of the solar radiation 
comes directly from the Sun. The remainder is reflected by the planet before imping- 
ing upon the vehicle surface and is referred to as albedo heat flux. Solar, planet, and 
albedo heat fluxes are illustrated in figure 1. 

Since an orbiting vehicle may spend a significant portion of each orbit in the 
shadow of a planet, shielded from both direct and reflected solar radiation, it is 
necessary to determine the part of the orbit during which the vehicle is shaded. The 
method used to determine the intersection of the orbit and the shadow is described in 
appendix A. 

The heat emitted by a planet depends on the surface temperature of the planet. 
If the planet is shrouded with a heavy atmospheric blanket, the surface temperature is 
relatively uniform because of convection and conductance heat transfer and can be con- 
sidered constant. It is impractical, if not impossible, to account for temperature 
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Figure 1. - Principal external heat loads. 

deviations from the average, since the deviations are functions of such intangibles as 
wind, snow, cloud coverage, and atmospheric activity. 

If a celestial body (for example, the Moon) has a negligible atmosphere and a 
nonconducting surface) the surface temperature gradients may be large and should 
therefore be determined. Fortunately, the factors that cause the extreme variations 
also make it possible to determine the surface temperature distribution with reasonable 
accuracy. 

External heat loads are summarized for spinning and oriented vehicles as func- 
tions of altitude and of the parameters B S ,  52')  A', as, As) 6, E ,  and 9,. Com- 
plete derivations are given in appendix B. 

Radiation impinging on spinning vehicles. - The period of rotation of a spinning 
vehicle is assumed to be fast enough for the impinging thermal radiation to be uniformly 
distributed over the vehicle surface. Solar radiation per cross-sectional area A 
striking a spinning vehicle is 

V 

-- - s  qS 
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where the solar constant S is inversely proportional to the square of the distance from 
the Sun. 

Radiation received from a constant-temperature planet T = constant is given in ( P  ) 
equation (B16d) of appendix B as 

P 
-= gP 2S(1 - R)F1 T = constant 
Av 

where 

4 F1 = 

The corresponding heat rate for a variable-temperature planet T # constant is 
( P  1 

expressed in equation (B30d) as 

%= 8S(1 - R)F2 T f constant 
AV P 

where 

Equation (3b) closely approximates the exact radiation configuration factor, as demon- 
strated in figure B-5 of appendix B. 

For the condition when 6s > go", F is set equal to zero by the computer pro- 2 
gram, since the vehicle is in the planet shadow and, therefore, the sun does not emit 
radiation to the vehicle. 
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The temperatures of the dark sides of variable-temperature planets are low, but 
the temperatures are high enough for the emission of some heat. According to equa- 
tion (B33), this emitted heat can be expressed by 

g P -  4 - - 8aTm F1 A T # constant (dark side of planet) 
P V 

(4) 

where F1 is defined in equation (2b), cr is the Stefan-Boltzmann constant, and Tm 
is the average dark-side o r  minimum planet temperature. The value of Tm for the 
Moon (186" R) is stored internally in the computer program. 

The albedo heat flux impinging on a spinning vehicle is given in equation (B38d) as 

where F2 is defined in equation (3b). 

Radiation impinging on oriented vehicles. - An object is planet oriented if the line 
connecting the vehicle and planet center passes through the same vehicle surface ele- 
ment for all positions in the orbit path. Similarly an-object is Sun oriented if the 
vehicle-Sun line passes through the same surface element at all times. 

The incident heat flux on an oriented vehicle can vary from one surface position 
to another. Therefore, expressions for the heat flux to any surface element must be 
derived. The equations developed in appendix B a re  applicable to either Sun-oriented 
o r  planet-oriented vehicles, provided the required independent variables (for example, 
6) a r e  defined for each orientation, as described in the section of this report entitled 
"Celestial Mechanics Theory: Coordinate Systems. The following heat-flux expres- 
sions are developed for a typical surface element located with respect to the vehicle 
coordinate system by the angles A' and 52'. 

Solar radiation impinging on a surface element is 
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If 6 is greater than 90" (that is, cos 6 < 0), the element does not receive radi- 
ation from the Sun, therefore 

- 0 6 > 90" 9s q- 

The heat flux from a constant-temperature planet is given in equation (B46c) as 

gp - S(1 - R)F4 

A, 
T = constant 

4 P 
-- 

where F 
ted in figure 2. Values of F4 have been evaluated by numerical integration over the 
applicable ranges of Idc and E and to an altitude for which the radiation configuration 
factor, and therefore the planet heat, is negligible (an altitude of approximately five 

planet radii). For all values Of j8 and 

is a function of altitude H and the variables Idc and E, which are illustra- 4 

( C 

\;-Planet-vehicle line 

Element vector 1 
Vehicle element 

Figure 2. - Angular variables for determin- 
ing radiation configuration factors of ori- 
ented vehicles. 

E, F4 is set equal to zero when 
F H 5r  /F4(H=0) I 0.015). A table of 
over 2500 values representing the function 
F4 = F 9 E H has been incorporated 
into the permanent data deck of the com- 
puter program. 

4( P) 

c' ' 

The heat flux from a variable- 
temperature planet is given in equa- 
tion (B42c) as 

3 = S( l  - R)F3 T # constant ( 8 )  
AV P 

where F3 is afunction of H, gC, E, and 

tween the vehicle, the planet, and the Sun, 
as shown in figure 2. In appendix B, the 
relationship that exists between F3 and 
F4 is described in detail. 

. The variable e s  is the angle be- e s  
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The impinging heat from the dark side of the variable-temperature planet is given 
in equation (B47) as 

4 
P 

- gP = oTm F4 T # constant (dark side of planet) 
AV 

The albedo heat flux irradiating an oriented-vehicle element is expressed in 
equation (B50c) as 

(9) 

Transient Temperatures 

The transient temperature of an orbiting vehicle is obtained by conducting a heat 
balance on the vehicle and by solving the resulting differential equation. For this anal- 
ysis, each surface element of an oriented vehicle is considered to be thermally isolated 
from all other elements. 

The general governing differential equation is 

c y +  
dT 1 
dt - p T  (q~"s ' galbedo s %"p + 'internal - %ut) 
-- 

where p and C are the density and the specific heat, respectively, of the vehicle 
material and V is the volume being analyzed. The term ginternal represents the 
amount of internally generated heat that is absorbed by the vehicle skin. It is assumed 

is dissipated uniformly over the entire external area of the vehicle if it that ginternal 
is spinning or over the surface element if the spacecraft is planet o r  Sun oriented. In- 
ternally generated heat is expressed as 

P 
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The negative term gout in equation (11) is the heat emitted by the vehicle and is 
given by 

4 -- gout - cnvT 
Av 

where T is the instantaneous surface temperature, E is the emittance of the mate- 

rial at temperature T, and A is the total emitting-surface area. Introducing the 
appropriate heat terms into equation (11) gives the governing temperature differential 
equations as follows. For a spinning vehicle orbiting a constant-temperature planet 

V 

V 

dT 1 
dt pC h 

P 
-=- 

S(l  - R)a F 
-+ 4 2SRa s 2  F -I- 2 P 1  + Qg - ucVTj 

where h is skin thickness and as and a 

material, respectively. 
are the solar and planet absorptance of the 

P 

For a spinning vehicle orbiting a variable-temperature planet 

dT 1 [““s - + 2SRasF2 + 2S(1 - R)Q F + Q - U E ~ T  -- 
d t - p C $  4 P 2  g 

o r  

-=-- dT dt pC 1 h r a s  4 + 2SRasF2 + 2oapT, 4 F1 + Qg - ucVT4) 
P 

depending on whether the vehicle is above the sunlit o r  the dark side of the planet, re- 
spectively. Near the terminator, the larger value of dT/dt from equations (14b) and 
(14c) is used. 
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For an  oriented vehicle orbiting a constant -temperature planet 

S(l  - R)a 'F 
COS 6 + SRa F -I- 4 P 4  + Qg - CEvT 

dt pC h s 3  
dT -=- 

P 

For an oriented vehicle orbiting a variable- temperature planet 

-- dT - 1 [Isas COS 6 + SRasF3 -I- S(l - R)a F + Q - GcvTI 
dt pC h P 3  g P 

or if the oriented vehicle is above the shaded half of the planet 

-- dT Sas cos 6 + SRasF3 + ( T T ~ ~ ~  F + Q - acvT 
dt -- ( P 4  g P 

Near the terminator, equations (14e) and (14f) are both evaluated, but the smaller value 
of dT/dt is discarded. 

Equations (14a) to (14f) a r e  of the form 

4 
I dT C - C2T 
dt = 1 

where C1 and C2 are variable coefficients. Both t and 9 must be known in order 
to evaluate C1 and C 2 ;  thus, an expression relating t and fl is required. The nec- 
essary relationship is derived by first writing t as a function of the eccentric anomaly 
E in accordance with Kepler's laws of planetary motion. 

(E - e sin E)P 
2?T t =  

where t and E are measured from perigee. The period P is 



where G is a gravitational constant and M is the planet mass. 
P 

Time can now be expressed as a function of @ by combining equations (16) and 
(22). 

t =  . 118) 
271p-l 

\ - - I  

Equation (18) can be solved readily for t; however, an iterative solution is re- 
quired in order to obtain the solution @ = f@). Consequently, @ has been selected as 
the independent variable. This is indicated in equation (15) as 

Equation (19) does not yield a closed-form solution, but can be solved numeri- 
cally. The procedure €or numerically integrating equation (19) is described in the sec- 
tion of this report entitled "Numerical Analysis. " 

CELESTIAL MECHANICS THEORY: COORDINATE SYSTEMS 

Four locations must be specified for the determination of vehicle heat loads: 

1. The location of each vehicle surface element being analyzed (not applicable to 
spinning satellites) 

2. The location of the vehicle with respect to the planet being orbited 

3.  The celestial location of the vehicle 

4. The location of the Sun with respect to the planet'being orbited 

The required locations can be obtained in terms of vehicle, planet, and celestial 
coordinate systems. These systems are identified throughout this report by the follow- 
ing notation: 

1. Vehicle coordinates - X Y,, and Zv v' 

2. Planet coordinates - X Y , and Z 
P' P P 

3. Celestial coordinates - X Yc, and Zc 
C' 
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The three coordinate systems are summarized in table D-I of appendix D. 

Vehicle Coordinates 

For a spinning vehicle, no distinction is required between surface elements; and 
coordinates Xv, Yv, and Zv are not applicable, since it is assumed that the vehicle 

is spinning fast enough that impinging thermal radiation is uniformly distributed over 
the vehicle surface. 

For an oriented vehicle, however, the incident heat flux can vary considerably 
from one surface position to another. For example, element no. 1 on the planet- 
oriented vehicle shown in figure 3 receives heat emitted by the planet, and element 
no. 2 does not receive heat emitted by the planet. Consequently, a coordinate system 
for the location of each element being analyzed is required for  the thermal analysis of 
oriented spacecraft. The vehicle coordinates used are illustrated in figure 3. The 
complex configuration shown in figure 3(a) is first replaced with a spherical mathemat- 
ical model, as shown in figure 3(b). Surface element no. 1' and surface element no. 2' 
on the sphere are selected so that they have the same space orientation as vehicle ele- 
ment no. 1 and vehicle element no. 2. If the orbiting body is planet oriented, surface 
positions on the sphere are defined with respect to the coordinate system illustrated in 
figure 3(c). The origin is at the center of the sphere, and the X -axis is directed to- 
ward the planet center of mass. The Y -axis is at right angles to the Xv-axis in the 
orbital plane, with the positive direction opposite the vehicle velocity vector. The di- 
rection of vehicle travel is always in the same direction as the movement when the 
X -axis is rotated into the Y -axis through the smallest angle. The Z -axis is normal 
to the orbital plane in a direction such that Xv, Yv, and Zv form a right-handed co- 
ordinate system. Surface elements are defined by the angles A' and a', as shown in  
figures 3(c) and 3(d). The angle A' is measured from the X -axis toward Y ) to the 
projection of the element on the X -Y plane (0" 5 A ' <  360"); 62' is measured from 
the Z -axis to the element (0" I 52' 5 180"). 

V 

V 

P P V 

V ( V 

v v  
V 

The technique of locating elements on the vehicle with the two angles A' and 52' 
can be likened to the method used to locate a point on Earth by using the two angles of 
longitude and latitude. If the orbiting body is Sun oriented, surface points or  features 
are located with respect to the system shown in figure 3(d). The origin is again at the 
center of the sphere, but the X -axis is directed toward the Sun. The %-axis is in the 
orbital plane at right angles to Xv. The Z -axis is always in the same hemisphere as 
the Z -axis and completes the orthogonal system. For the special case in which the 
projection of the X -axis on the orbital plane is a point, the vehicle coordinate system 
should be set up as described previously. However, to eliminate ambiguity, Yv is 
chosen to be in the same direction as Y 
ordinates A' and a', as before. 

V 

V 

P 
V 

Surface elements a r e  described by the co- 
P' 
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(a) Typical vehicle. (b) Mathematical model of typical vehicle. 

Z n 

Note: Xv- and Yv-axes are 

in orbital plane 

(c) Mathematical model (planet oriented). (d) Mathematical model (Sun oriented). 

Figure 3 .  - Vehicle coordinate system for typical spacecraft. 

Planet Coordinates 

Before computing the impinging heat loads emitted o r  reflected by the planet, the 
location of the vehicle with respect to the planet being orbited must be specified. The 
orbits and planets shown in figures 4(a) and 4(b) a r e  the same. However, in figure 4(b), 
the orbit is shown rotated into the plane of the page. Superimposing the X - and Y -axes 
(planet coordinates) onto the orbital plane simplifies the equations of motion by reducing 
the problem from three dimensions to two. The position of the vehicle can be defined 
in the two-dimensional system by either polar or Cartesian coordinates. 

P P 
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The polar coordinates of a point on the orbit are the true anomaly $f and the dis- 
tance D from the principal focus, or  center of force, to the vehicle. The distance is 
given by 

D = a(l - e cos E) (20) 

where a is the semimajor axis, e is the eccentricity of the orbit, and E is the 
eccentric anomaly. The variables e and E are formulated as 

1/2 
(a2 - b2> - c 

a a 
e =  _ -  

and 

where b is the semiminor axis and c is the distance between the center and the focus 
of the ellipse. 

The Cartesian coordinates X and Y of a point on the orbit are expressed as 
P P 

X = a(cos E - e) (23) P 

and 

1/2 
Y = a(1 - e2) s i n E  

P 

Vehicle coordinates for a planet-oriented orbiting body superimposed on the 
planet coordinate system are shown in figure 4(c). As the vehicle makes one counter- 
clockwise revolution about the planet, the X - and Y -axes are similarly rotated about 
the Z -axis. 

V V 

V 

The vehicle and planet coordinates for  Sun-oriented satellites are illustrated in 
figure 4(d). The Xv-Yv plane is generally not in the X -Y plane, since Xv is di- 
rected toward the Sun. The vehicle coordinates have a fixed orientation in space 

P P  
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(a) Orbit and planet. (b) Spinning vehicle. 

Planet oriented 

XP 

(c) Planet-oriented vehicle. (d) Sun-oriented vehicle. 

Figure 4. - Planet coordinate systems for spinning and oriented vehicles. 

(assuming the planet to be stationary with respect to the Sun, which is essentially true 
during the time it takes to complete several orbits). 

Celestial Coordinates 

To determine the contribution of the Sun to spacecraft heating, the celestial loca- 
tion of the vehicle with respect to the celestial coordinates Xc, Yc, and Zc must be 

specified, but first,  two astronomical terms, ecliptic and vernal equinox, will be intro- 
duced. 

Positions in the solar system are commonly defined with respect to the ecliptic 
and the vernal equinox. The ecliptic is the plane described by Earth as it orbits the 
Sun, The vernal equinox, symbolized by y,  is a fixed line from the Earth, directed 
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toward the Sun at the instant the Sun crosses the Earth equator from south to north in 
its apparent annual motion along the ecliptic. The direction of the vernal equinox 
varies slightly (approximately 50.27 seconds of a r c  per year). Hence, to specify the 
coordinates of an  object, it is necessary to state which vernal equinox is referred to as 
the principal direction (for example, the equinox of 1950 o r  1965). 

Thus, the Earth intersects the vernal equinox at the start of spring (in the North- 
e rn  Hemisphere). The vernal equinox also lies along the line of nodes described by the 
intersection of the Earth equatorial plane with the ecliptic. The other point at which the 
Sun crosses the Earth equator, going from the Northern to the Southern Hemisphere, is 
designated by the symbol 52 and is the beginning of autumn in the Northern Hemisphere 
(autumnal equinox). At b o a  points, day and night are equal. 

The orbit of a vehicle about Earth, a planet other than Earth, or  the Moon is con- 
ventionally related to the celestial Xc-, Yc-, and Zc-axes of the planet by three angles 
51, w ,  and i. Before these functions can be defined, it is necessary to identify the 
geometric relationship between the vehicle orbit and the celestial axes. In figure 5(a), 
the general orbit of a vehicle is shown, with the intersection of the orbital plane and the 
planet surface shown in a broken line. The other broken line represents the intersec- 
tion of the plane containing the celestial X - and Y -axes with the planet surface. The 
broken lines cross at two points. (Only one point is visible in fig. 5(a). ) The two points 
define the line of intersection of the orbital plane and the plane containing the X - and 
Y -axes. The two intersections are commonly referred to as the ascending node and 
the descending node, and the line connecting the nodes is called the line of nodes. The 
vehicle is at the ascending node when it is passing upward (north) through the 
Xc-Yc plane. 

C C 

C 

C 

The orbit and the Xc-, Yc-, and Zc-axes are related by 51, w ,  and i, as shown 
in figure 5(b). The angle S2 is the longitude of the ascending node, measured counter- 
clockwise in the Xc-Yc plane from Xc to the line of nodes. The angle w is the argu- 
ment of perifocus, measured in the orbital plane in the direction of travel from the 
ascending node to the perigee. The angle i represents the true inclination between the 
Xc-Yc plane and the orbital plane. The axes of the orbital plane are represented by 
X Y , and Z , where X is directed through the perigee of the orbit, as previously 
defined. 

P’ P P P 

Any number of reference Xc-, Yc-, and Zc-axes can be chosen. The primary 
consideration in choosing celestial coordinate systems for the analysis in this report 
was that the systems should be compatible with standard astronomical references in 
order to minimize input data compilation time and effort by the program user. The 
geocentric, modified heliocentric, and selenographic systems were selected to describe 
orbits about Earth, a planet other than Earth, and the Moon, respectively. 
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Intersection of orbital plane 

(Earth, a planet other than 
Earth, or the Moon) 

reference plane 

(a) General relationship of vehicle 
and celestial body. 

Note: The Xc- Yc plane is the 
celestial reference plane. 

Celestial reference line 

(b) General relationship of planet and 
celestial coordinate systems. 

Note: The Xc- Yc plane is the 
celestial reference plane. 

Celestial reference line 

(b) General relationship of planet and 
celestial coordinate systems. 

Figure 5. - Relationship between orbit and general celestial coordinate systems. 

Conventional geocentric coordinates are employed to define orbits about Earth. 
In this system, the Xc-Yc reference plane is the plane of the Earth equator, with the 
X -axis directed along the vernal equinox, as shown in figure 6. 

C 

+I- March 217 
Earth 

+I- March 217 
Earth 

Note Earth Xc- and Yc-axes l i e  in t h e  Earth equatorial plane. 
Planet &- and Yc-axes are parallel to the ecliptic. 

Figure 6. - Celestial coordinate 
system for Earth (geocentric) 
and other planets (modified 
heliocentric). 

A modified heliocentric coordinate 
system is used to define orbits about planets 
other than Earth. Since the equatorial 
planes of all planets are not well defined, 
the Xc-Yc reference plane has been chosen 
parallel to the ecliptic, with the Xc-axis 
directed parallel to the vernal equinox. The 
Xc-, Yc-, and Zc-axes for planets are also 
illustrated in figure 6. 

Conventional selenographic coordi- 
nates are employed to define orbits about 
the Moon. In this system, the Xc-Yc refer- 
ence plane is the plane of the Moon equator, 
and the Zc-axis extends through the north 
pole of the Moon (fig. 7). The positive di- 
rection of the Xc-axis is from the center of 
the Moon out through the prime meridian of 
the Moon. By definition, the prime meridian 
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of the Moon passes through the mean cen- 
ter of the Moon. The mean center is the 
point on the lunar surface that is directed 
toward the center of the Earth when the 
Moon is at the mean ascending node, and 
the node coincides with the mean perigee 
o r  mean apogee. The longitude is meas- 
ured as positive toward the west, as seen 
by an observer on Earth, or  in a counter- 
clockwise direction from the Xc-axis (to- 
ward Mare Crisium). The direction of 
the X -axis in space is not fixed, but 
revolves with the Moon, making one turn 
every 28 days. 

S 

Figure 7. - Celestial coordinate system 
for the Moon (selenographic). 

C 

Position of the Sun 

The location of the Sun with respect to the planet being orbited must be specified 
to complete the definition of Sun, planet, and vehicle relationships. The position of the 
Sun can be expressed with respect to the celestial body being orbited (in Xc, Yc, and 
Zc coordinates) in terms of right ascension RA and declination DEC, as shown in 
figure 8. For Earth, RA and DEC can be obtained directly from an ephemeris 
(ref. 1) for each day of the year. For the Moon, the required coordinates are listed in 
the ephemeris as latitude and colongitude, where colongitude is 

colongitude = 90" - longitude 

Longitude must always be positive. 
Therefore, if colongitude is greater than 

' 90°, the equality becomes colongitude = 
450" - longitude. (Earth. a planet other 

Earth, or t h e  Moo 

For a planet other than Earth, the 
right ascension and declination of the 
planet with respect to the Sun are given 
in heliocentric coordinates in reference 1. 
The position of the Sun with respect to the 

'" modified heliocentric coordinate system 
can be obtained from these data, as dem- 

. onstrated in the following examples. If 
the declination of the planet with respect 
to the Sun is +lo", the declination of the 
Sun with respect to the planet is -10". If 
the right ascension or  longitude of the Sun 
with respect to the planet is 236", the re- 
quired value is 56" (236" + 180" = 416"; 

Sun 

Figure 8. - Position of the Sun relative 
to the celestial coordinate system. 

416" - 360" = 56"). 
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The position of the Sun can be expressed with respect to the planet coordinate 
Xp-, Yp-, and Z -axes in terms of CY, P, and y as shown in figure 9. The coordi- 
nates RA and DEC can be transformed into CY, P, and y by performing rotations 
through the angles SZ, w,  and i, as shown in figures 8 and 9. In the first transforma- 
tion, the X -axis is rotated about the Z -axis through an  angle 52 into the line of nodes 
(fig. 5). In the second transformation, the Y -axis is rotated about the X -axis through 
the angle i. Finally, the Xc-axis is rotated through an angle w about the Zc-axis. 

P 

C C 

C C 

Performing the two transformations gives the following relationships : 

cos CY = [(cos w)(cos &?) - (sin @)(sin 52)(cos i)] (cos RA)(cos DEC) 

+ [(cos w)(sin a) + (sin w)(cos W)(cos i)] (sin RA)(cos DEC) 

+ (sin w)(sin i)(sin DEC) (25) 

cos y = [(-sin w)(cos 52) - (cos o)(sin &?)(cos i)] (cos RA)(cos DEC) 

+ {(-sin 52)(sin w )  + (cos W)(cos w)(cos i)] (sin RA)(cos DEC) 

+ (cos w)(sin i)(sin DEC) 

cos P = (sin SZ)(sin i)(cos -)(cos DEC) 

+ (-cos &?)(sin i)(sin RA)(cos DEC) + (cos i)(sin DEC) (27) 

7 
-P r Perigee 

Celestial body 
(Earth. a planet other than 

Earth. or the Moon) 

For convenience, the derivations of equa- 
tions (25) to (27) have been omitted. 

After the position of the Sun with 
respect to the planet and the orbital plane 
has been obtained, the final step is to 
determine the position of the Sun with re- 
spect to the orbiting spacecraft. In the 
following paragraphs, the position of the 
Sun is determined with respect to spin- 
ning, planet-oriented, and Sun-oriented 
vehicles. 

Position of the Sun with respect to Figure 9. - Position of the Sun relative 
to the planet coordinate system. spinning vehicles, - Some of the solar 

energy that strikes the planet and the at- 
mosphere of the planet scattered back 
into space and impinges on the-orbiting 
vehicle. This radiation (albedo) travels 

24 



through the angle B S  (fig. 2). The sum of the direction cosines of the planet-vehicle 
line times the sum of the direction cosines of the Sun-planet line is equal to cos 8 

which reduces to 
S’ 

X Y 

D D cos es = J cos Iy + 2 cos y 

Solar energy directly irradiating the vehicle is the same throughout the orbit 
(except when the vehicle is shaded by the planet) if the assumption is made that the 
period of rotation of the spinning sphere is short (that is, that all surface elements 
continuously receive radiation from the Sun), and if  the assumption is made that the 
Sun is a point source infinitely far away. Therefore, no other angles relating the 
position of the Sun with respect to the vehicle are required. 

Position of the Sun with respect to planet-oriented vehicles. - The relative posi- 
tions of the Sun, vehicle, vehicle element, and planet are defined by the angles as, 
As, 6 (fig. lo), and B S  (fig. 2). The function cos B S  for a planet-oriented vehicle is 
the same as cos B S  for a spinning vehicle and is given in equation (28). 

Since Zv is parallel to Z and 
P 

Planet-oriented vehicle since it is assumed that the Sun is a point 
source infinitely far away, it follows that 

52 S = p  (29) 

It can also be shown that 

‘kas, Plane 
A = X - g + n  

S 

Figure 10. - Position of the Sun relative 
to the vehicle coordinate system 
(planet oriented). 
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where 2 is the true anomaly of the solar projection of the X -Y plane (fig. 4d). If 
As is negative, 2n radians must be added to As. However, only sin A and cos A 
are required by the analysis in this report; therefore, equation (30) need not be modi- 
fied for negative values. 

P P  
S 

The angle 6 between the element-vehicle line and the Sun-vehicle line is derived 
by adding the products of the corresponding direction cosines of the two lines, which 
gives 

cos 6 = sin 52' cos A' sin as cos As 

+ sin 52' sin As sin as sin As + cos 52' cos as (3 1) 

Position of the Sun with respect to Sun-oriented vehicles. - The angle Os is inde- 
pendent of vehicle orientation; therefore, cos Os for a Sun-oriented vehicle is the 
same as cos 8 for a spinning vehicle, which is given in equation (28). 

S 

By definition, the Xv-axis is directed toward the Sun; therefore 

52 = E  
s 2  

and 

As = 0 

as shown in figure 11. 

derived by combining equations (31), (32), and (33) to obtain 
The angle 6 between the element-vehicle line and the Sun-vehicle line can be 

(33) 

cos 6 = sin Os cos As (34) 
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NUMERICAL ANALYSIS 

Sun-oriented vehicle -1 

r la I iei. /. ‘ . -  --” 

It is important that numerical tech- 
niques be both accurate and fast. The 
accuracy and speed of numerically inte- 
grating an  equation such as the general 
thermal expression given in equation (19) 
a r e  related to the specific method and 
step-size to be used and to the complexity 
of the function. Of course, accuracy also 
depends on proper application of the nu- 
merical technique employed. 

Method of Integration 

Figure 11. - Position of the Sun relative Multistep methods require a con- 
stant step-size. Although they a r e  gen- 
erally faster than single-step methods, 
their use for this specific problem would 
necessitate a time-consuming iterative 

solution of equation (18) to find the true-anomaly increment corresponding to the 
constant -time increment. Consequently, a single -step integration method is chosen. 

to the vehicle coordinate system 
(Sun oriented). 

An analysis of single-step methods in relation to the general equation to be solved 
resulted in the selection of the fourth-order Runge-Kutta technique. This method has 
long been accepted as being the most accurate and the fastest method. The Runge- 
Kutta technique is well suited as a rapid method for use in equation (19), since C1 and 
C2 need to be calculated only once during each time interval. In the solution of 
equation (19), the integration speed of the fourth-order Runge-Kutta method is very 
close to the integration speed of a lower ordered method, or even to the integration 
speed of the multistep methods that a r e  normally much faster. 

Step-Size and Error  Analysis 

Assuming that the e r ro r  attributable to a given single-step method is less than 
the maximum tolerable e r ror ,  optimization of operating speed can be achieved by 
investigating the question of maximum step-size. 

The computer program has been written so  that a step-size A$ can be input to 
the computer. The program prints out every nA$ interval, where n is a specified 
integer; however, calculations may be based on a smaller, more practical interval for 
accuracy, speed, and stability. The practicality of A$ is determined at the start of 
each interval. Practical step-size and its determination by the program are described 
in appendix C. 
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The e r ro r s  induced by numerical integration can be broken down in the following 
manner. 

E n =  et ,n + et,a + 

(35) 

where En = total e r ro r  at t = n 

e = one-step truncation e r ro r  (the e r ror  caused by approximation over step n) 
t, n 

e = accumulated truncation e r ror  over steps 1 to n - 1 
t, a 

e = accumulated effect of round-off e r ror  over n steps ro  

Accumulated e r rors .  - Contrary to the usual case in numerical analysis, the sum 
of the accumulated e r rors  e and e is bounded by some number B, which is 
much less than the accuracy of the input data for any practical step-size and is there- 
fore negligible regardless of total integration time. The boundary is a result of the 
stability of the function to be integrated; that is, the solution converges to a specific 
temperature at a given true anomaly and, on all subsequent orbits, will be virtually at 
that temperature. Since the temperature at point n in one orbit is the same as the 
temperature at point n in the next orbit, there is no significant accumulation of e r rors  

t, a ro 

To test this e r ro r  analysis, a spinning-satellite case was programed for the 
IBM 1620 computer so that e and ero could be analyzed separately. To show that 

t, a 
was nearly zero, the program was run using eight-digit and then 12-digit accuracy. 

The difference in the two solutions occurred in the seventh or  eighth decimal place in 
all the orbits run. 

The analysis included the calculation of a function proven to be asymptotic to the 
accumulated truncation e r ro r  of the integration (ref. 2). Although the solution of this 
function was  small with respect to the solution of the thermal equation and was oscilla- 
tory in nature, it did increase gradually in magnitude. Nevektheless, the stability of 
the function was  generally verified, since asymptotic approximations are not exact. 

the IBM 1620 computer analysis for 
total truncation e r ro r  was used again. Since the one-step e r ro r  e made during the 
first step is generated by the accumulated e r ror  function, the analysis necessarily con- 
tained the rudiments of a one-step e r ror  function. The only modification necessary to 
generate the one-step e r rors  continuously was to make the computer "think" that each 
step was the first. This technique was applied to the integration of many differential 
equations with closed-form solutions and was found to have good accuracy. Although 
the level of effort did not permit extensive application of this technique to equation (19), 
the runs that were made indicated that any practical step-size gave an e of less 
than 0.05" R. 

To study 
One-step truncation error .  - 

t ,  1 

t, n 
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Since the sum of the accumulated e r rors  is bounded by B, equation (35) can be 
written as 

E n = e  + B  
t, n 

The results of the e r ro r  analysis indicate that e 
therefore, the total e r ro r  attributable to the numerical integration is 

< 0.05" R and that B < 0.1" R; 
t, n 

En < 0.15" R (37) 

which is negligible, considering the accuracy of the input data. 

Integration Technique When the Function Is Nondifferentiable 

A major contribution of the numerical analysis was the discovery and elimination 
of a significant e r r o r  caused by misapplication of the integration techniques employed 
in previous similar studies. In all standard numerical techniques, the function to be 
integrated is assumed to be continuously differentiable at every point in the integration 
interval. This assumption does not apply to equation (19) because of the behavior of the 
constant C1. When the orbiting vehicle enters or  leaves the shadow of the planet, 
C1 may change suddenly from a relatively large number to almost zero, o r  vice versa, 
causing the function to be nondifferentiable at the Sun-shade points. In the IBM 1620 
computer analysis, the single-step e r ro r  in an interval containing a Sun-shade point 
was revealed to be much larger (up to 10" R larger) than the total accumulated e r ror  
encountered immediately prior to that interval. In support of the stability conjecture, 
even this large e r ro r  became negligible after a few integration steps. 

The e r ror  from misapplication is eliminated by subdividing each interval contain- 
ing a Sun-shade point so that the nondifferentiable point coincides with the boundary of 
the interval and thus does not exist within the interval. 

DIGITAL COMPUTER PROGRAM 

The determination of impinging heat loads, absorbed heat loads, and transient 
temperatures for up to 200 surface elements of a spacecraft in orbit is an ideal applica- 
tion of a high-speed digital computer. Performing this determination in any other 
manner would be impractical, at best. Accordingly, a Univac 1108 computer program 
incorporating the theory and numerical techniques described in the previous sections 
has been written and validated. Programing was done in FORTRAN V to facilitate any 
modifications that the program user might wish to perform. Appendixes D to J provide 
the program user  with detailed information on the computer program source and data 
deck structure. 
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Summary of Computer Program Capabilities and Applications 

The computer program is designed to compute, plot, and print out heat loads and 
temperatures for a vehicle in orbit about the Moon o r  about any planet except Pluto. 
The orbiting vehicle may be spinning o r  have a fixed orientation with respect to either 
the Sun or the celestial body orbited. The planet surface temperature, which is used 
in determining the amount of impinging thermal radiation originating from the planet, 
is assumed to be constant for all celestial bodies except for the Moon, for which sur- 
face temperature may be considered either constant or  .variable. 

The heat loads during one orbit or  any fraction of an orbit can be determined by 
the computer program. When it is necessary to compute temperature, more than one 
orbit may be specified. However, if all of the temperatures become stable (that is, 
differ by less than 0.5 " R from one orbit to the next), the case being computed is auto- 
matically terminated. 

The optical properties, specific heat, and density of the vehicle coating(s) and 
substrate(s) a r e  temperature dependent. Up to 21  data points of material property ver- 
sus temperature from 0" to 10 000" R (the effective temperature of the Sun) may be 
specified. Absorptance with respect to heat flux radiated by the planet is found as a 
function of the effective temperature of that part of the planet actually radiating to the 
element of an orbiting vehicle. A maximum of eight tables of optical properties may 
be used. Eight tables of specific heat and of density corresponding to eight possible 
substrate materials for vehicle skin may also be used. 

When temperature calculations are desired, up to eight schedules of internal heat 
versus time can be used. Each data set is input as a table of internal heat and switch- 
ing time, corresponding to a change to the next value of internal heat. As many as 
20 different values (10 duty cycles) may be included in each of the eight tables. If the 
program runs for more than one orbit, the same sequence of internal heat loads is 
applied for the successive orbits. 

Satellite position in orbit is given by the true anomaly 6 measured from perigee. 
A starting value fl and a step-size Afl a r e  input. The starting value fi0 must be 

between 0" and 360", and Afl must be a submultiple of 360" and must be 2 2". For 
example, 2", 5", 6", 7.5", 8", 9", o r  10" are all acceptable values for Afl, but 7" is 
not acceptable, since 360/7 is not an integer. 

0 

The step-size A# may be subdivided internally to give the optimum interval with 
respect to accuracy and computer time; however, the input value of Afl will not be ex- 
ceeded. For temperature calculations, external heat fluxes are considered constant 
throughout the specified Afl interval, provided the vehicle does not pass in or out of 
the shadow of the planet during the time corresponding to A$. Furthermore, only one 
change in internal heat for each element is recognized per interval. Experience indi- 
cates that Afl = 10" is a reasonable upper bound. 

The position of the Sun relative to the orbit may be given conventionally as right 
ascension and declination, both of which can be obtained from an  ephemeris; or  the 
position of the Sun may be specified in terms of the angles a, Y ,  and p relative to 
the X Y , and Z coordinate axes. 

P' P P 
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As many as 200 elements of oriented vehicles may be processed in a single case. 
Each element has a specified thickness, initial temperature, and position on the vehi- 
cle. An element may use one of eight choices for each of the following: optical prop- 
erties, substrate material, and internal heat duty cycle. 

The effects of variations of thickness, initial temperature, material, or  internal 
heat loads can be studied in a single case if a number of elements are chosen with the 
same positions, but with different values for the other parameters. Thus, a single 
case may be an entire parametric study in itself. Additional flexibility is provided so 
that the unchanged values can be represented by blank fields in the input deck if any of 
the input parameters are to remain the same from one case to another. 

General Deck Preparation 

Figure 12 is an illustration of the physical sequence of the deck structure re- 
quired. The name shown on the card preceding each routine (i.e. , DECK1) can be re- 
lated to the actual name of the routine by the following list: 

EXEC = PILBT 
DECK1 =HEAD 
DECK2 =TINPUT 
DECK3 = L@P 
DECK4 = TgUT 
DECK5 =HEAT 
DECK6 =FREAD 
DECK7 =QIFIND 
DECK8 =TALLY 
DECK9 = LffCUS 
DECK10 = TEMPER 
DECK11 = INIT 
DECK12 = FIND 

DECK13 = SUNgR 
DECK14 = BETA90 
DECK15 = WYE 
DECK16 = SIGBET 
DECK17 = INTERP 
DECK18 = AFtR$UT 
DECK19 = ARCP(S 
DECK20 = QUART 
DECK21 = PHIFN 
DECK22 = GFN 
DECK23 = FflFXY 
DECK24 = DELTA 
DECK25 = ERRZR 

DECK26 = GEgFAC 
DECK27 = QIIN 
DECK28 = DDVETA 
DECK29 = DDFERI 
DECK30 = TABLE 
DECK31 = MAIN2 
DECK32 = DRAW 
DECK33 = SKALE 
DECK34 = XINTRP 
DECK35 = ACCEND 
DECK36.= HILW 
DECK37 = TIDENT 
DECK38 = FDTA 

If Stromberg-Carlson 4020 (SC-4020) plots are not requested, LINK2 may be 
omitted entirely. This can be done by deleting card number DK033000 of subroutine 
L@P (DECK3) and by removing all subroutines which make up LINK2 (DECK31 through 
DECK38). This procedure must be used if data-computation facilities do not have 
SC -4020 capabilities described in appendix H. 

Data Deck Preparation 

The data deck consists of three groups of data. They are the permanent-data 
cards, the material-properties cards, and the case-data cards. The permanent data 
consist of 147 permanent-data cards that include 144 cards containing the radiation 
configuration factors and three cards containing alphabetic data used in headings. For 
documentation purposes, the permanent-data cards are listed as part of the sample- 
case input data discussed in appendix G. Since the permanent data must be used ex- 
actly as listed, only the material-properties data and case data shall be of concern for 
data preparation. 
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Figure 12. - Deck structure. 

Appendix I is a guide for preparing program data. The guide is complete enough 
the program user can use the appendix to prepare data decks. Additional informa- 
and the related theory are described in other sections of the report and in the 

!r appendixes. 

COMPUTER PROGRAM APPLICATION 

A hypothetical lunar mission was run, using the described computer program. 
For  the hypothetical lunar-orbital mission, the spacecraft was planet oriented, and a 
variable planet surface temperature was used. The orbit parameters were such that 
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pericynthion occurred over the intended landing site, which was 13" south of the Moon 
equator and 3" east (as seen from Earth) of the prime meridian of the Moon. A detailed 
discussion of the use of the computer program in spacecr design and orbit selection 
is presented in reference 3. 

Pertinent orbit data consisted of the following: 

Altitude H, n. mi. . . . . . . . . . . . . . . . . .  10 to 190 

Inclination i ,  deg . . . . . . . . . . . . . . . . . .  13 

Right ascension of ascending node 52, deg . . . . .  87 

Argument of perifocus w ,  deg . . . . . . . . . . .  270 

True anomaly at initial time go, deg . . . . . . .  0 

The mission was flown on December 1, 1963. The position of the Sun in selenographic 
coordinates, as given by an ephemeris, was as follows: 

Colongitude, deg . . . . . . . . . . . . . . . . . .  88.74 

Declination DEC, deg . . . . . . . . . . . . . . .  0.86 

Right ascension (90" . colongitude) RA, deg . . .  1.26 

At a declination of 0.86" and a right ascension of 1.26", the Sun is almost in the orbital 
plane. 

The temperature-time history of differently oriented and differently painted sur - 
face elements reveals several interesting characteristics. In figure 13, it is shown that 
a white element facing away from the Moon cools initially, even though it may be facing 
almost directly into the Sun. However, a similarly oriented black element rises to a 
peak temperature at = 60", then gradually drops in temperature as it turns away 
from the Sun. This difference is to be expected, since the white element reflects a 
considerable amount of solar energy; whereas, the black element will absorb most of 
the solar radiation that impinges upon its surface. 

In figure 14, it is shown that the temperature curves of a black element and a 
white element facing the Moon are similar, since black and white elements absorb 
long-wavelength radiation in almost the same amount. Also, the hump in the black- 
element curve at about 9 = 100" and g =  260" occurs because both elements are 
briefly irradiated by the Sun immediately before entering the shadow of the Moon and 
immediately after leaving the shadow. However , the hump appears in the black- 
element curve only, since the black element absorbs the solar radiation more readily. 

In figure 15, comparison of the black element facing the Moon with the black 
element facing away from the Moon and toward the Sun reveals that at g =  0", the 
element facing the Moon is almost as hot as the element facing away from the Moon and 
toward the Sun. The conclusion is that, at low lunar orbits, planet heat can be as sig- 
nificant as solar heat. 
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To investigate the effect of the surface temperature gradients of the Moon not 
being considered, the same case was run, assuming a constant Moon temperature. The 
results plotted in figure 16 reveal that the constant-Moon-temperature curve is a flat 
curve that averages out the maximum and mini of the variable-Moon- 
temperature curve. It is clearly shown in figure significant variation (about 
100" R) is caused by neglecting the surface temperature gradient of the Moon. These 
results confirm the importance of the variable-planet-temperature method in analyzing 
lunar missions. 

CONCLUDING REMARKS 

An operational computer program to predict spacecraft heat loads and tempera- 
tures has been developed. The program is applicable to a wide variety of vehicle- 
mission combinations. Although no unduly restricted assumptions are incorporated into 
the celestial, thermal, and numerical theory, certain conditions were not considered 
in order to retain the desired versatility. However, the program was  written so that 
it could be expanded readily to include additional features and details. 

Manned Spacecraft Center 
National Aeronautics and Space Administration 

Houston, Texas, August 22, 1968 
039-00-00-85-72 
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APPENDIX A 

INTERSECTION OF ORBIT AND SHADOW 

The intersection of the orbit and the shadow can be determined by simultaneously 
solving the equations that express the vehicle path and the trace of the shadow on the 
orbital plane. 

If = 0' or P = 180", the trace of the shadow is a circle of radius r that does 
not intersect the vehicle orbit. (The angle P is illustrated in appendix B. ) If 
0" < P < 180°, but f go", the trace is a semiellipse, as shown in figure A-1. The 
equation of the orbit path, based on the notation shown, is 

P 

(XP+C)2 Yp2 

a 2 +7=l 

yP 

1 

Vehicle orbit 

Sun-shade points 

Figure A-1. - Intersection of the orbit plane and the shadow of the planet. 
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The corresponding expression for the intersection of the shadow with the orbital plane 
is 

2 x sin z - Y  cos 2) 
= 1  (A21 ) + ( P  P 

a S bS2 

x cos 2 + Y  sin z 
( P  ____z1)____ 

Equations (Al) and (A2) can be combined to yield a biquadratic (quartic), which is 
solved in this analysis by the Fer rar i  method. Other numerical approaches may be 
faster, but they become unstable in some cases. The Ferrari method, which can be 
used to solve any quartic equation, is explained in most theory-of-equation texts and 
in many mathematical handbooks (for example, ref. 4). 

After the quartic equation has been solved for X the corresponding Y values 
P' P 

can be determined from either equation (Al) or  (A2); however, care must be taken to 
avoid accepting an extraneous root. Extraneous roots do not occur if both equations are 
solved for Y and the expressions equated. The result reduces to the following equa- 
tion, which is single valued for all X 

P 
P' 

2 Y 
a 

+( $)z [(1 - x +$] kcos P sin z) 2 + c o s 2 4  

where 

X 
P X=. 

The true anomaly of the Sun-shade points is calculated from 

Y 
t a n g = $  

P 

37 



If the shadow and orbit ellipses do not intersect or if they cross in only two 
places, the quartic equation can yield spurious (that is, false) real roots. Since equa- 
tion (A3) is valid only at the ellipse intersections, solutions of equation (A3) that cor- 
respond to spurious roots a r e  meaningless. Therefore, the validity of each pair of 
coordinates must be determined, and this is accomplished by testing whether the X 

P 
and Y values satisfy both equations (Al) and (A2). 

P 

If P = go", the trace of the shadow ellipse degenerates to a pair of parallel lines 
that a r e  expressed in polar form a s  

rS sin@ - $) = r 
P 

and 

where rs is the distance from the lines to the center of mass of the planet. A similar 
expression of the orbit ellipse is 

b2 r =  o a + c c o s p l  

where ro is the distance from the orbit ellipse to the center of mass of the planet. 

Equating rs and ro in equations (A6a) and (A?) gives 

2 c o s $ - b  c o s Z s i n B - a r  = O  
P 

In general, equation (A8a) is transformed to a quadratic in cos $ by substituting 

c (1 - cos2$) for sin $. The roots of this quadratic are substituted into equa- 
tion (A8a) to give sin $. Once sin $ and cos $ are known, 9 is easily found. A 
similar procedure yields the other Sun-shade point if equations (A6b) and (A?) are 
equated. 

1/2 

(basin Z + cr 2 cos $ - b cos 2 sin $ + ar = 0 
P 
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If the coefficient of sin 9 o r  cos 9 in equation (A8b) vanishes, the problem is 
less difficult, in that sin 9 o r  cos fl can be solved for directly, and the corresponding - .  

1/2 - 1/2 2 function is determined from either sin 9 = f (1 - cos 9) , o r  cos 9 = k (1 - sin2d 

Equations (A5) and (A8b) may give zero, two, o r  four valid mathematical roots; 
however, two of the roots may not satisfy the condition that the Sun-shade points lie on 
the shaded side of the orbit. A root is discarded unless the angle between the line con- 
necting the Sun-shade point and the planet and the line of the projection of the Sun on the 
orbital plane is obtuse. 
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APPENDIX B 

RADIATION HEAT- TRANSFER DERIVATIONS 

A general expression for  thermal radiation from one surface to another can be 
derived by considering the total radiation from the emitting surface. This derivation 
may be visualized by placing a hemisphere over the emitting-surface element Ae, as 
shown in figure B-1. This hemisphere will intercept all of the heat emitted from Ae, 
and the radiation received by an element dAr is given by the equation 

cos geAe cos Id;. 
dq = I 

Q2 

where gr (not shown) is the angle between a normal to dAr and a line from dAr to 
A , and 
intensity of radiation. Assuming that the emitting surface is diffuse, the intensity is 
independent of direction and is constant. The apparent or intercepted intensity is pro- 
portional to Ae, as seen from dAr on the hemisphere. Thus 

is the emittance of Ae. The proportionality factor I is shown as the e 

I 

I r p  
which is Lambert's cosine law. If dAr 

is on the hemisphere surface, 8;. is 0"; 

therefore 

I cos VeAeee dAr 
dq = r) 033) 

Q" 

Figure B-1. - Mathematical model for 
deriving the general thermal-radiation 
equation. 
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Writing dAr in terms of ge and r(/ and integrating, equation (B3) becomes 

237 
q = IAeeed WJP” cos ge sin ge dge = IAeeen 

0 

The heat radiated by Ae is 

where Ee is the emissive power of Ae. Since all of the emitted heat is intercepted 
by the hemisphere, the heat emitted is equivalent to the heat received. Equating equa- 
tions (B4) and (B5), simplifying the results, and solving yields 

I = -  Ee 
P 

Combining equations (Bl) and (B6) and introducing the absorptance cyr of the receiv- 
ing surface gives the general equation for radiant heat transfer between two surfaces 

Ee cos geAe cos 
2 dAr dq = 

37Q 

In the following section of this appendix, equation (B7) will be used to derive 
specific equations that express the amount of planetary and albedo heat that is re- 
ceived, absorbed, o r  both, by either a spinning or  an oriented vehicle. Derivations 
will be made for constant-temperature planets, as well as for variable-temperature 
planets. 

Planet Heat Flux for a Spinning Vehicle 
and Constant Planet Temperature 

that the flux incident on a small surface element from an extended source of uniform 
brightness is independent of the shape of the element and the shape of the emitting 
surface. A modification of Seavey’s solution is developed by first replacing the part 
of the planet that the vehicle receives radiation from with a concave disk of radius Q, 

Seavey (ref. 5) simplified the mathematics of the derivation with the theorem 
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as shown in the top portion of figure B-2. This geometrical substitution can be visual- 
ized by observing that the Sun, a uniform emitting surface with respect to surface 
position, appears to the observer on Earth as a disk. Similarly, the vehicle is re- 
placed by a f la t  disk that has an infinitesimal area, compared to the area o€ the planet 
disk. 

Vehicle 

Vehicle disk 

Vehicle-planet line 

Planet concave disk 

fivehide disk 

It can be seen in the center diagram 
of figure B-2 that every line between the 
vehicle and the planet intersects the planet 
concave disk perpendicularly. Likewise, 
the vehicle-planet lines can be made nor- 
mal to the planet concave disk by letting 
the disk pivot about its center, allowing the 
planet differential elements to receive 
radiation from different orientations of the 
vehicle disk. Thus, in the bottom portion 
of figure B-2, element A receives radia- 
tion from element A', and element B re- 
ceives radiation from element B'. The 
pivoting of the planet concave disk is 
justified by the previously mentioned 
theorem employed by Seavey. 

Planet differential element J 

E cos 8' cos 8' A E a! 

7Tl 

P P 
dqp = 2 

Planet differential element A 

Vehicle disk A' 
( B8) 

Assuming that celestial bodies a r e  perfect 

substituting 9 = = 0" , equation (B8) is 
reduced to 

emitting surfaces (that is, that E = 1) and 
P 

P 
Planet differential element B 

E A a !  mining radiation between two spheres 
of uniform brightness. 

Figure B-2. - Seavey's model for deter- 

P 

42 



The planet differential area and the effective vehicle area a r e  

and 

The emissive power is 

2 dA = [2n(Q sin X ) ] ( Q  dx) = 2nQ sin X dA 
P 

2 A = r r  
V V 

4 E =aT 
P P 

where T is the average planet temperature. A heat balance on the plane, yie 
P 

Combining equations (B12) and (B13) gives 

which becomes 

S(l - R) 
4 E =  

P 

Substituting equations (BlO), (Bll) ,  and (B15) into equation (B9) and integrating 
yields the desired relationships 

= 2S(1 - R)a, F rr T =constant (B16a) % P 1  v P 
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and 

S(l  - R)ty F 
-- P T =constant qP 
4srv 2 -  2 P 

where 

(B16b) 

(B16c) 

The planet heat rate per unit area impinging on the spherical vehicle is 

(B16d) 
P 

- gP = 2S( 1 - R)F1 T = constant 
AV 

A derivation not based on Seavey’s theorem can also be made and will be pre- 
sented in condensed form. The heat emitted from planet element dA (fig. B-3) and 
absorbed by a satellite of radius rv is 

P 

2 E cos 8’ cos gv dA ty E nrv  

7TQ 

P P P P P  
dqp = 2 

Again substituting E = 1, gv = 0, and E = S(l - R)/4 and integrating, equation (B17) 
becomes 

P P 

S( 1 - R)rv2ap fos  a’ 
PdA g P =  4 e2 P 
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Planet 
Solar flux G 

Note: The Sun- planet-vehicle plane lies 
in the plane of the page. 

Figure B-3. - Geometry for determining heat exchange between 
planet and spinning vehicle. 

It can be shown that 

D COS e - r 
P 

Q cos Q = 
P 

2 Q = r  2 + ~ 2 - 2 r  ~ c 0 S e  
P P 

and 

where the variables are illustrated in figure B-3. Equations (B19) to (B21) were used 
in reference to evaluate an expression similar to equation (B18), and from this work 

45 



the following equality can b e  developed 

Combining equation (B22) with equation (B18) .gives 

which is equivalent to equation (B16a). 

Planet Heat Flux for a Spinning Vehicle 
and Variable Moon Temperature 

Equation (B17) for radiant heat exchange between a surface differential element 
and a spherical satellite is applicable also to a variable Moon temperature. If the 
Moon has a negligible atmosphere and is a good thermal insulator, the element dA 
is in thermal equilibrium. That is, if mechanisms for heat transfer do exist (for 
example, conduction and convection in a planet atmosphere) so  that dA is not in 
equilibrium, the surface temperatures tend to approach an average value. Also, the 
presence of an atmosphere, which may change considerably from one orbit to the next, 
makes it impractical to prepare meaningful albedo input data. Thus, average albedo 
values are used for the planets, and the method for constant (that is, average) planet 
temperature is employed. Based on the correlation of independently obtained experi- 
mental data, the Moon, as "seen" by a spacecraft in lunar orbit, for all practical 
purposes, can be considered a smooth sphere when determining the lunar planetary 
heat received by a lunar-orbital vehicle. Therefore, the heat emitted is equivalent to 
the solar heat absorbed, as shown in figure B-4, and 

P 

P 

E =  - = S(l - R)COS p p gin -'out 
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Reemitted flux 

Fieemitted flux - Solar flux.cos B 

Figure B-4. - Heat emitted by an element of a variable- 
temperature Moon. 

Combining equations (B17) and (B24), letting E = 1 and gv = 0, integrating, and re- 
arranging yields 

P 

cos p - 
g P = 4  Q2 

The function cos p i s  shown to be 

COS p = cos 0 cos Os + sin 0 sin BS cos $! 

which can be approximated by 

S 
cos p = cos e 
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Equation (B27) can be mathematically substantiated for small values of 8 since 

lim cos p = cos 8 
S 8-0 

For larger values of 8, the altitude is large and F is small; consequently, the e r ro r  
introduced by the approximation is relatively insignificant. Combining .equations (B25) 
and (B27) gives 

Combining equations (B22) and (B29) gives 

n 

T #constant 4 

P 4p = 8S(1 - R)a, F rr 
P 2  v 

and 

where 

(B30a) 

(B30b) 

(B30c) 
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The variable-temperature planet heat rate per unit area impinging on the spherical 
vehicle is 

(B3Qd) 

An expression similar to equation (B25) has been numerically evaluated by 
Ballinger (ref. 6) on a digital computer. The resulting F-factors were tabulated as 
a function of altitude H and Sun-planet-vehicle angle eS. (The table of F-factors 
was duplicated at MRT as part of a study to determine the effect of surface topology on 
planet thermal emission. ) The approximate radiation configuration factor F2 is 
related to the tabulated factor F(H, es) by 

F(H, 
8 F2 

Random values of F (H, es)/8 and the approximate function F2 a r e  plotted in fig- 
ure  B-5. As  expected, the percent deviation is small for large values of F, and the 

0,, deg 

Figure B-5. - Radiation configuration factors, approximate 
and numerical solutions compared. 

49 



magnitude of deviation is negligible for low values of F; therefore, the approximation 
cos P M cos 8 

quently, the F2 function has been incorporated into the computer program in lieu of 
the slower table-reference method to obtain F (H, 8,)/8. 

introduces insignificant e r ro r s  into the derivation of F2. Conse- 
S 

The dark side of a variable-temperature Moon is essentially in thermal equilib- 
rium; therefore, the heat emitted can be derived from the relations that are applicable 
to a constant-temperature planet. 

The emissive power is 

4 Ep = VTm 

where Tm is the dark-side or  minimum temperature of the Moon. Combining equa- 

tions (B32), (B9), (BlO), and (B l l )  and integrating gives 

=80Tm4a F v r  2 
4p P 1  v 

T # constant (dark side of planet) 
P 

and 

4p 2aT ' a  F T #constant (dark side of planet) --z= 4vrv m P I  P 

(B33a) 

where 

(B33c) 

The heat impinging on the sphere is 

4 q-  ' - 8aTm F1 T f constant (dark side of planet) 
P 

(B33d) 
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Albedo Heat Flux for  a Spinning Vehicle 

Solar radiation reflects diffusely from celestial bodies; therefore, the equations 
derived to express planetary diffuse thermal emission cawbe modified to be applicable 
to albedo calculations. Albedo includes solar energy bounced or  scattered from the 
atmosphere above dA as well as solar energy reflected from the planet surface 
element. The heat reflected from differential element dA (fig. B-3) and absorbed 
by Av is given by the familiar relationship 

P' 
P 

2 E cos $ dA a E mr - P  P P S S  v 
mB 2 d%lbedo - 

where E is the effective emissive power of the element 
P 

E = SRCOS p 0335) P 

Combining equations (B34) and (B35), letting E = 1, simplifying, and integrating gives 
S 

cos $ 
galbedo = sRr:asjcos "(y ..p) 

Introducing the approximation cos p cos 8 equation (B36) becomes 
S' 

2 cos 8' 
galbedo = SRrv as cos e#+ a P 

Substituting equation (B22) into equation (B37) gives 

= 8SRasF2rrv 2 
galbedo (B38a) 
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and 

42 = 2SR(YsF2 
4mv 

(B38b) 

where 

(B38c) 

The albedo heat rate per unit area impinging on the spherical vehicle is 

%albedo = 8SRF2 
AV 

(B38d) 

Planet Heat Flux for an Oriented Vehicle 
and Variable Moon Temperature 

Equations that express the amount of thermal radiation received by a flat element 
in space can be derived from equation (B7). The derivations for a flat element are 
similar to the derivations for a sphere; however, the plate is not necessarily sym- 
metrical with respect to the vehicle -planet line; consequently, the orientation of the 
plate is difficult to define. The heat absorbed by the flat-plate element (fig. B-6) from 
the variable surface temperature of the Moon is 

E cos cos gVdA (Y E A 
P P P P  v 

dgp= TQ 2 
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Figure B-6. - Geometry for determining 
heat between planet and vehicle ele- 
ment. 

Sun-planet l i n e i y  
Planetvehicle line 

Element vector 1 
Vehicle element 

Figure B-7. - Angular variables for de- 
termining radiation configuration 
factors of oriented vehicles. 

Substitxting E = 1 and E = S(l - R)cos /3 
P P 

(eq. (B24)) into equation (B39) and inte- 
grating yields 

qp = S(l - R)CY A 
P V  

An equation similar to equation (B40) was 
numerically integrated in reference 6, and 
the following equality was developed. 

where H is vehicle altitude, and the pa- 
rameters Os, gc, and E are illustrated in 
figure B-7. Values of F3 as a function of 
the four independent variables have been 
calculated and tabulated. The validity of 
the radiation-configuration-factor table was 
investigated and established by hand calcu- 
lations for numerous special cases and for 
two general cases. 

Combining equations (B40) and (B4 1) gives 

= S(l - R)cr F A T # constant gP P 3 V  P 

and 

P 3  P 
- 4p = S(l - R)a F T #constant 
AV 

(B42a) 

(B42b) 
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where values of F3 are found by reference to the radiation-configuration-factor table. 
The planet heat rate per unit area impinging on the flat plate is 

P 
- 4-p = S ( l  - R)F3 T # constant 
AV 

(B42c) 

Planet Heat Flux for an  Oriented Vehicle 
and Constant Planet Temperature 

The emissive power of a planet of uniform temperature is independent of P; 
E = S( 1 - R)/4, as in equation (B15). Substituting the expression for E into 
equation (B39) and integrating gives 

P P 

Comparing equations (B41) and (B43), it is seen that 

Introducing the approximation cos P = cos 8 
a negligible effect on accuracy, equation (B44) becomes 

which was previously shown to have 
S’ 

Combining equations (B45) and (B43) gives 

S ( l  - R)Cr F A 
P T =constant 4 -p=  4 P (B46a) 
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and 

S ( l  - R)Q 
T =constant A7;= 4 P 

(B46b) 

where values of F4 are found by reference to the radiation-configuration-factor table 
and are the same as Fg, except for one of the independent variables BS that is 
treated as a constant zero. The impinging heat rate is 

g p  S(1 - R)F4 

q=  4 P 
T =constant (B46c) 

The dark side of the variable-temperature Moon is essentially in thermal equi- 
librium; therefore, the heat emitted can be derived from the equations that a r e  appli- 
cable to a planet of uniform temperature. 

Substituting the emissive power ( E =UTrn ') of the element shown in figure B-6 
P 

into ,equation (B39), integrating, and introducing the equality given in equation (B45) 
gives 

4ct F A T # constant (dark side of Moon) (B47a) 
P 4 V  P 

g p  = GTm 

and 

4a F T # constant (dark side of Moon) (B4W P 
- = a T m  4p 
Av 

where F4 is found by reference to the radiation-configuration-factor table. The 
incident heat rate is 

P 
- gP = aTm4F4 T # constant (dark side oft Moon) 
AV 

(B47c) 
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Albedo Heat Flux for an Oriented Vehicle 

The solar heat reflected from dA and absorbed by Av (fig. B-6) is 
P 

E cos 9' P cos $v dAPa'$,Av 
- P  

2 d%lbedo - 71s 

Substituting the effective emissive power of the planet element (eq. (B35)), letting 
E = 1, simplifying, and integrating gives 

S 

cos p cos g cos MV 
nQ 2 galbedo = SRa' s v  A 1 

The desired relations a r e  found by combining equations (B41) and (B49) to obtain 

galbedo = SR'sF8v 

and 

(B50a) 

(B50b) 

where F3 is found by reference to the radiation-configuration-factor table (eq. (B41)). 
The impinging albedo is 

%lbedo = SRF3 
AV 

(B50c) 
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APPENDIX C 

DISCUSSION OF PRACTICAL INTEGRATION STEP-SIZE 

The only feasible method to  increment time in the numerical integration of the 
governing temperature equation is to increment the true anomaly and compute the cor- 
responding change in time. (Refer to the section of this report entitled "Transient 
Temperatures. '') This procedure is expressed mathematically as 

and 

where Ag  is a constant. 

Since the analysis is applicable to all planet orbits, the magnitude of Atn+l 

depends not only on A$& but also upon variables such as orbit eccentricity, semi- 
major axis, vehicle position in orbit, and planet being orbited. This dependence is 
illustrated by comparing times that correspond to a fixed true anomaly for three Earth 
satellites. For A 9  = 1 , At is 0. 3 minute for Explorer, which was put into a low 
circular orbit; At is 4.0 minutes for Syncom, which is in a large circular orbit; and 
At varies from about 0. 3 to 10.0 minutes for Eccentric Geophysical Observatory 
(EGO), which is in a large, eccentric orbit. These widely varying times are one rea- 
son why it is necessary to refer to the length of the integration interval in terms of 
practicality rather than as a fixed A@ 

There are three conditions that can make the integration interval impractical. 
Two of these are controlled by the computer program. The conditions and the control 
on them are described, as follows: 

1. The magnitude of Atn+l can be so large that the one-step truncation e r ro r  
temporarily influences the accuracy of the integration. To minimize computation 

2 time, the integration interval should be large as d 2 T h  
insure an accurate solution, the integration interval should be small as d2Th t2  

approaches zero; and to 
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becomes large. This philosophy is expressed mathematically as 

The increment Atl' is calculated from this equation. 

2. The magnitude of Atn+l can be so large that the equilibrium temperature is 
reached and vastly exceeded within one integration interval, thus causing the solution 
to be unstable. This condition occurs if dT/dt >> 1, which could be caused by a 
vehicle skin with negligible heat capacity pC h - 0 or  by an unrealistic initial tem- 
perature To. The time increment At2' required to reach equilibrium temperature 
in one interval is calculated. 

( P  ) 

The intervals Atl', At2', and Atn+l a r e  compared, and the smallest value is 

into two or  more values 
selected and used to integrate the appropriate temperature equation numerically. If 
the computer program subdivides the time increment At n+l 
of At', the entire procedure is repeated until CAt' = Atn+*. 

3.  An impractical interval exists if A$ is so large that the assumption of con- 
stant heat fluxes within the interval is absurd. The computer program will not use 
time increments that are larger than those computed from the value of A!$ in the 
input data.; therefore, the program user  must exercise judgment in choosing A!$ so 
that it is small enough to be meaningful but large enough to allow fast computation. 
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APPENDIX D 

SUPPLEMENTARY INFORMATION FOR DATA PREPARATION 

The following supplementary information is provided to the program user  to aid 
him in preparing data in accordance with appendix I. 

Summary of Coordinate Systems 

A summary of coordinate systems (described in detail in the  section of this 
report entitled "Celestial Mechanics Theory: Coordinate Systems") is provided in 
table D-I as a ready reference in preparing data in accordance with appendix I entitled 
"Program User's Guide for Data Preparation. '' 

Planet Data Used by the Computer Program 

Planet data stored in the computer program are listed in table D-11. 

Sample Data Preparation for Right Ascension and 
Declination of the Sun from an Ephemeris 

In preparing data, the user  has an option in appendix I on the card type 05 to 
Y , and Z express directly the position of the Sun with respect to the planet X 

coordinate axes in terms of a ,  P, and Y, as shown in figure 9; or  they can be calcu- 
lated by the computer program from five input variables: Q, w,  i, RA, and DEC 
(figs. 5 and 8). 

P' P P 

The angles FtA and DEC, which are illustrated in figure 8, can be obtained for 
each day of the year from an ephemeris. Sample calculations for Earth, a planet 
(Mars), and the Moon are illustrated below for July 2, 1963, using the American 
Ephemeris and Nautical Almanac (ref. 1). 

For Earth, RA and DEC are determined from apparent right-ascension and 
apparent declination data. These data are tabulated at the top of figure D-1 in hours, 
minutes, and seconds (24 hours equivalent to 360'). Accordingly 

6 hr  40 min 58.88-sec 360" 2~ 
24 h r  R A =  

and DEC x 23.1'. 
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For a planet other than Earth, longitude and latitude data are used. The data 
for Mars, given in the middle of figure D-1, a r e  converted as follows: 

RA = 200'20'43. 5" + 180" M 380'21' M 20'21' 

DEC = -(+0"53'42. 5") M -0'54' 

For the Moon, colongitude and latitude are used. The data at the bottom of 
figure D-1 are transformed as follows: 

RA = 90' - colongitude = 9Oo-34.7l0 = 55'29' 
DEC = latitude M -0. 35' 

Possible User  Modifications 

For some studies, it may be desirable to modify the internally stored data. The 
following a r e  means of affecting such modifications for typical changes. 

Possible user change Affected-card location 

Tolerance for temperature 
stabilization check, computer number DK032490 
program now uses 0.5" R 

Subroutine LOOP, card 

Planet albedos, computer 
program now uses values in 
table E-I1 

Subroutine FREAD, card num- 
bers DK060870 to DK060950; the 
subscript for the variable RR 
corresponds to planet code on 
03 card in data input 

Moon cold-side temperatures 
used for variable temperature 
case, copputer program now 
uses 186 R 

Subroutine TINPUT, card num- 
ber DK020770 

Subroutine TINPUT, card num- 
ber DK022560 

2 Solar' constant = 443.0 Btu/ft -hr, 
used for 1 A. U. from the Sun and 
as a reference value for other 
distances 
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Planet 
code 

TABLE D-11. - PLANET DATA USED BY COMPUTER PROGRAM~L 

Planet 

Earth 

Moon 

Jupiter 

Mars  

Mercury 

Neptune 

Saturn 

Uranus 

Venus 

~~ 

Distance 
from Sun, 

ft 

48.89 X lolo 

48.89 

, 255.3 

74.81 

19.03 

1475 

467.9 

941.3 

35.43 

Radius, 
ft 

20.9 x 109 

5.702 

229.3 

10.87 

8.151 

81.51 

188.7 

83.6 

20.34 

Albedo 

0.35 

.047 

.51 

.148 

.058 

.62 

.50 

.66 

.76 

GM 
P’ 

3 2  f t  /sec 

141 x10l4 

1.73 

44 900 

15.20 

7.66 

2435 

13 450 

2058 

114.8 

“The distance from Sun and the mass data for Moon are taken from reference 7. 
The radius, mass, and albedo data, except for the Earth and Moon albedo that a r e  in 
accordance with Apollo specifications, a re  taken from reference 8. 
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SUN, 1983 27 
FOR EPHEbfERIS TIME 

MARS, 1963 
HELIOCENTRIC POSITIONS FOR oh EPHEMERIS TIME 

MEAN EQUINOX ANI) ECLIPTIC OF DATE 

173 

- 
orb. 
Lat. - 
+0.02 

.OI 
+ .OI 

.oo 
- -01 

314 MOON, 1963 

EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR Ob  UNIVERSAL TIME 

Date 

July 1 
2 
3 
4 
fi 

1 
287.7 0.86 

Figure D-1. - Ephemeris data required for RA and DEC sample calculations. 
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APPENDIX E 

COMPUTER PROGRAM ORGA~IZATION 

The FORTRAN V computer program is divided into two sections called LINKl 
and LINK2. Both sections reside in core at the same time; although, LINK2 is not 
entered unless Stromberg-Carlson 4020 (SC-4020) plots are requested. 
appendix H. ) The links are not to be confused with a FORTRAN 11 technique in which 
two sections of a program share core alternately. It is important that the main pro- 
gram of LINK1 is named PILOT and the main program of LINK2 is named MAIN2. The 
MSe SC-4020 programing package, which is not included in the deck, is used by LINK2. 
On the Univac 1108 computers at NASA MSC, the SC-4020 routines are available from 
a system tape. 

(Refer to 

Simplified flow charts of LINKl and LINK2 are given in figures E-1 and E-2. 
The hierarchy of subroutines in each link is shown in figures E-3 and E-4. The source 
deck contains comment cards that may also help the user if he should desire greater 
detail. 

LINKl 

Main routine and subroutines. - PILOT is the main routine for LINK1. The func- 
tion of PILOT is to define necessary constants and call two major subroutines, TINPUT 
and LOOP. If plots are not requested, program control passes directly from LOOP to 
PILOT. When plots are requested, control goes from LOOP to MAIN2 to PILOT. 

All input to the program is controlled by TINPUT. The output of headings, com- 
ments, and information used to explain and define each case are also controlled by 
TINPUT. Subroutine SIGBET is also called by TINPUT so that the values of Z, P, 
gin, and flout will be available for printing with the case headings. 

Caption pages are printed by HEAD, and FREAD is called by HEAD to read in 
permanent data. Permanent data such as radiation-configuration-factor tables, phys- 
ical constants for the Moon and eight planets, alphabetical heading information, and 
frequently used constants are read in by FREAD. Also, general comments are printed 
by FREAD, and TABLE is called by FREAD to read in material property tables. 
Tables of material properties are read by TABLE and rewritten on the output tape. 

New tables of internal heat loads are set up by Q,IIN whenever the tables are to 
be read in. Contiriuation cards are read until the table contains the specified number 
of entries. The table is also written on a scratch tape to be copied later on the output 
tape. 

The angular position of the Sun relative to the orbital plane is computed by 
SIGBET. Two types of input data are accommodated cy, P, y or  51, w, i, RA, 
and DEC. This routine also calls FIND to locate the Sun-shade points and SUNOR to 
transform element angles for  the Sun-oriented cases. 
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T 

Read info pertaining to 0 two elements and store 
t 

Arrange ff array in 
ascending order if 0. d 0' 

t 
Call subroutine which plots 
heats vs time andlor stabilized 
temp vs 0 

.I 

Enter with info pertaining 

Yes 
Construct BCD sentences and 
other plot identification 

Determine numerical 
range of stab. temp 

Generate grid and plot 
temp vs fl (one or two 
elements per grid) 

t 

r t 

Repeat process unless all 
elements have been 
accounted for 

Obtain elapsed time 
since LINK2 was entered 

Transfer to LINK1 main 
program (PILgTT) and proceed 
to next case if it exists 

Begin plot scheme 
with first element 
of this pair 

Terminafe plots for 
the present pair of 4 

elements 
+ 

Return to MAIN2 and obtain 
info pertaining to the next 
pair of elements lif they 
exist) 

4 
I 

Figure E-2. - Simplified flow chart of LlNK2. 

0 

LOOP transfers program control to LINK2 if plots 
are reauested. 

1 D D h A  I el E l  RESET and CLOCK are FORTRAN library routines. 

Figure E-3. - Chart of subroutine hierarchy for LINKl. 
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LINK2 

MAIN2 

I 1 

SKALE a I LABELY 

HILOW 

E 
When L I N K 2  has completed i t s  task, MAIN2 transfers proyram control to PILOT in L INK1.  

RESET and CLOCK are FORTRAN library routines, 

BINDEC, F ILMAV,  LABELY, LABELX, GRIDGN, PLOTI, PRINT, RSTFRM, SCALEX, and DMPBUF 
are contained in MSC S C - 4 0 2 0  programing package. 

Figure E-4. - Chart of subroutine hierarchy for  LINK2. 

The quadrants of go, gin, Idout are adjusted by INIT so that ldi, e fl < flout when- 
ever the vehicle is in the shadow. The determination whether the vehicle is initially in 
the Sun or  in the shadow is also made by INIT. 

Time, altitude, and the angle O s  are calculated by LOCUS from @, which rep- 
resents the vehicle position. For oriented vehicles, Idc and 6 are found. The angle 
E is also found for Sun-oriented cases. The symbols gc, e S ,  and E are arguments 
of the radiation-configuration-factor tables, and 6 is necessary to determine solar 
heat flux. If planet temperature T is variable, it is also found. 

P 

The angular coordinates of the satellite elements are converted by SUNOR from 
the input values to values acceptable to the program logic for  Sun-oriented satellites. 

The Sun-shade points gin and flout are located by FIND. If the Sun is in the 
orbital plane, BETA90 is called. Otherwise, QUART is called to determine the X 

P 
value for the coordinate and WYE is called to find the Y value for the coordinate. 

P 
Each point is examined to insure that it is not on the sunward side of the planet. The 
Sun-shade points for cases in which the Sun is in the orbital plane are computed by 
BETASO. 
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The Y values of the Sun-shade points for which the X values were calculated 

P P 

P P 
in QUART are found by W E .  Pairs of X and Y values are then examined to in- 

sure  that they satisfy the equations of both the orbit ellipse and the shadow ellipse. 

The roots of a quartic equation are solved for  by QUART. The quartic arises 
when the equations for the orbit ellipse and the shadow ellipse are solved simultane- 
ously for X 

P' 

DDFERI is a double-precision quartic-factorization program from the SHARE 
library. DDVETA is a double-precision cubic-factorization program from the SHARE 
library. DDVETA is required by DDFERI. 

A heading to be printed at the top of an output page, and an output line count is 
begun by LOOP. Unless temperature calculations are not required, the maximum time 
interval is found for possible use in subroutine ERROR. The initial temperature of each 
surface element is stored for comparison with the corresponding temperatures one full 
orbit later. 

In LINC, the number of intervals of width Afl necessary to make one orbit is 
found, and in the routine KREV, the number of complete or fractional orbits that will 
be required, provided that all temperatures do not stabilize earlier, is found. 

The vehicle is then allowed to move counterclockwise around its orbit in steps 
For each step, LOCUS is called to find the time and other information depending Afl. 

on 91, and heat fluxes and temperatures are determined for each surface element. Out- 
put may be written after each interval A& or  it may be deferred for two or  more inter- 
vals under the control of the input parameter NPRINT. 

If a Sun-shade point is reached, output occurs automatically. If temperatures are 
being found, the integration of the differential equation over the interval is broken into 
two steps at the Sun-shade point. 

At  the end of each complete orbit, temperatures are compared with corresponding 
temperatures one orbit earlier. If these agree to within 0.5" R, the case is considered 
finished. If not, the new temperatures are stored, the tables of internal heat loads are 
reset for a new orbit, and the program loops back unless the specified number of orbits 
read in has been exceeded. When the case is finished, control passes to PILOT or  to 
LINK2, depending on whether or not plots were requested. 

Lines of output, aside from comments, headings, and case-identifying informa- 
tion, are counted by TALLY. The printer carriage is restored when an output page is 
nearly filled. All output, except for comments, headings, and case-identifying infor- 
mation, are printed by TOUT. Output includes @, time, and either heat loads or tem- 
peratures, or both. With the normal option, data are printed in columnar format. 
However, an option to allow output to be printed in block form is also provided. 
ARROUT is an auxiliary subroutine for output of arrays of data in block form. 
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The subroutine HEAT is called by the subroutine TEMPER to obtain the net heat 
flux into each vehicle surface element and the internal heat load. The differential equa- 
tion for temperature is then integrated over a given interval A 9  of the orbit. If the 
interval is too long o r  if internal heat loads are discontinuous within the interval, the 
interval is subdivided into two or more smaller steps. 

A theoretical approximation to the truncation e r ro r  resulting from the numerical 
integration is computed by ERROR. This routine is normally suppressed. 

Impinging heat fluxes for a specified satellite surface element are found by HEAT. 
In cases for which temperature calculations are required, absorbed heat fluxes are also 
found, and QIFIND is called to determine the internal heat load. 

Values of emittance, density, or  specific heat are found by INTERP for a speci- 
fied temperature by means of linear interpolation in material-property tables. 

Tables of radiation configuration factors are interpolated for by GEOFAC to find a 
value corresponding to given E, g,, Bs, and altitude. Values of these parameters 
outside the range of tabulated entries are extrapolated for by the computer program. 
This feature is useful for Os greater than 90". However, if the factor found results 
in a negative heat flux, subroutine HEAT will replace it by zero. 

Determination of whether the internal heat for the surface element in question is 
varied during the interval of integration is made by the routine QIFIND. If the element 
is varied, initial and final heat loads and the time at which switching occurs are pro- 
vided by QIFIND. 

Function subroutines. - The arccosine is found in degrees of the argument by 
ARCOS. ARCOS always extends from 0 to 180, inclusive. PHIFN is the ratio of tem- 
perature change to time increment AT/At, as calculated from the numerical- 
integration algorithm. FOFXY is the derivative of temperature with respect to time 
for a given temperature and location in orbit. DELTA and GFN are auxiliary functions 
used by ERROR. 

LINK2 

MAIN2 is the main routine for LINK2 and is reached whenever SC-4020 plots are 
requested. The primary functions of MAIN2 are to control LINK2 and to retrieve data 
from a scratch tape constructed by LINKl. 

Identified plots of heats compared with time, stabilized temperature compared 
with 9, or  both are constructed by subroutine DRAW. The 9 array is arranged in 
ascending order for  plot purposes by ASCEND. 

A linear interpolation for 0, corresponding to a chosen time, is performed by 
XINTERP. 
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Minimum and maximum values of heats and temperatures are determined by 
MLOW for plot scaling purposes. A suitable scale and numeric labels are established 
by SKALE for use on plot axes. Sentences (arrays) describing temperature plots are 
constructed by TIDENT. IBM binary-coded-decimal data are converted to Univac field 
data by FTDA. 
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APPENDM F 

OPERATING INSTRUCTIONS 

The following operating instructions are pertinent when submitting computer 
runs. 

Tape Usage 

The computer tapes used by the program are as follows: 

Use - Logical no. 

5 Input 

6 output 

4 Scratch tape 

9 +ratch tape 

11 &ratch tape 

Run Time on Computer 

Running time varies greatly with the number and types of cases to be run. Until 
experience with the program enables the user to make more accurate estimates, the 
following suggestions are offered as a guide for running time: 0.5 minute per case for  
up to 10 elements and 0.5 minute per case for each additional 20 elements. 

Job Submittal Sheet 

When submitting the computer program to be run on one of the Univac 1108 com- 
puters at NASA MSC, the operation instructions should be as shown in figure F-1 (MSC 
form 588). 
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INSTRUCTIONS FOR SCtENTlFlC COMPUTER RUNS 

(DO NOT FILL IN 8HADED AREIE)  

TYPE OF RUN COMPUTER 

1100 COBOL 

I INPUT TAPES OUTPUT TAPES 

PROGRAMMER'S COMMeNTSr 

Note: Blocks marked '' YES'  must contain correct 
information when the program is submitted 
for execution. 

Figure F-1. - MSC form 588. 
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APPENDIX G 

SAMPLE CASES 

The following three sample cases are given to demonstrate to the program user 
the input and output format of the computer program. The sample cases were selected 
to show the various options available to the program user and are not necessarily 
realistic cases. 

Problem Definition of Sample Cases 

Case 501. - The problem is to determine the incident heats, absorbed heats, and 
temperatures of a Moon-oriented vehicle orbiting the Moon. Plots of absorbed heats 
versus 9 and stabilized temperatures versus time are requested. Four surface 
elements are to be analyzed. Output data are to be printed every 10" for one orbit. 
Further specifications are as follows: 

Moon surface temperature - variable 

Sun position - given in an ephemeris for July 2, 1963 

i = 10" 

w = 130" 

0 = 70" 

Maximum orbit altitude = 165.0 n. mi. 

Minimum orbit altitude = 8.73 n. mi. 

A $ =  10" 

Element 1: 

A' = 30", a' = 90" 

T = 530" R 
0 

h = 0.01 f t  

2 Surface area = 1.0 f t  

Material - uncoated aluminum 

73 



Element 2: 

$2' = 180" (A' isundefined) 

To = 375' R 

h = 0.005 f t  

2 Surface area = 2.0 f t  

All other variables same as element 1 

Element 3: 

A' = 210°, $2' = 90" 

To = 540" R 

All other variables same as element 1 

Element 4: 

a' = 0" (A' is undefined) 

To = 405" R 

h = 0.005 f t  

Node number = 44 

All other variables same as element 1 

Case 502. - The problem is to determine the incident heats, absorbed heats, and 
temperatures of a spinning vehicle orbiting the Earth. Plots are requested. Output 
data are to be printed every 30" for 7.25 orbits unless the temperatures stabilize 
first. Two different internal heat loads are to be compared. (This will be accom- 
plished by running a single case using two "elements" that refer to different internal 
heat tables. ) The following are further specifications: 

Sun positions - specified in terms of a, @, and y; date not needed 

Maximum orbit altitude = minimum orbit altitude = 181.0 n. mi. 

8' = 280" 
0 

A$= 6" 
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Element 1: 

A' = SO", 51' = 90" 

To = 530" R 

h = 0.01 f t  

2 = 0 for 15 min, then 20 Btu/ft -hr for 15 min 
Qg 

Cycle continuing throughout each orbit 

Material - uncoated aluminum 

Surface area = 1.0 f t  

Element 2: 

51' = 180" (A' is undefined) 

To = 375" R 

2 

2 Q = 10 Btu/ft -hr continuously g 

2 Surface a rea  = 2.0 f t  

All other variables same as element 1 

Case 503. - The problem is to determine the temperatures of a Sun-oriented 
vehicle orbiting the Earth. Output data are to be printed in block form every 30" for 
one-half of an orbit. Four surface elements are to be analyzed. The following are 
further specifications: 

CY, P ,  y, minimum orbit altitude, maximum orbit altitude - same as in case 502 

go = 190" 

Ag = 2.5" 

Element 1: 

A' = O", 51' = 90" 

To = 530" R 
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h = 0.01 f t  

Q = O  
g 

Material - aluminum, painted black 

2 Surface area = 1.0 f t  

Element 2: 

Material - aluminum, painted white 

To = 375' 

2 Surface a rea  = 2.0 f t  

All other variables same as element 1 

Element 3: 

A' = 180" 

To = 540" R 

All other variables same as element 1 

Element 4: 

A' = 180" 

Material - aluminum, painted white 

To = 405" R 

Node number = 44 

All other variables same as element 1 

Listings of Input Data 

Permanent data. - The permanent data consist of 147 permanent cards that must 
always be present when running the computer program. They are described in the 
section of this report entitled "Data Deck Preparation. '' A complete listing is given 
in table G-I. 
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Sample-case data,. - A listing of the sample-case data is defined in table G-11. 
The data format is described in appendix I. Several material-properties tables were 
prepared; however, not all the tables were used in the analysis. 

Reproductions of printed and plotted output from the sample cases a r e  presented 
in table G-111 and in figures G-1 and G-2. 
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TABLE G-I. - LISTING OF PERMANENT INPUT DATA 
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TABLE G-I. - LISTING OF PERMANENT INPUT DATA - Continued. 

6~04557651044476371228~618730855034700034905449140763536268921541353053401870010 
3~89351131582709217815~109400344012600203017269124022040161711430660024901090032 
1~6011080~810823064604~~02870154010400660551048904340367029502230159010500820062 
0257023002060177014601~500870062005i00410079007200650057004800400031002400200017 
3~52339331572(325240719~613670690059502612538247523302114183414981206077905530264 
1770176516811547136512~409400644046702971198122111771097098306640696050704060278 
0~06033203300324030402~40236020001640230~084009500980100009800950086007600650048 
0~26003100320032003100~900250022002000170004000~0005000~000500050~04000400030002 
3~52338531462811239018~713460777044301422538246323122091180714671105066304430233 
177017511661 1521133511~608~105530406026211981208115810~3095506160633043803430245 
0~06032603220310028402~502060163014001120084009300920090~08400760065005500490042 
0026003000320030002800~50~230019001700150004000500050005000500040004000300030002 
3~523365311627732~4518~612900690038200982538243022642029173213630992056403520161 
1770171416U71451125110~507380449031001811196117311071007087707150532034602550169 
0306031002980275024302~501650122010000790084008700840078007000600051004000340029 
0026002700270025002300~000170014001~0010t~004000~00040004000400030003000200020001 
3~52333730762721228317~61214060803050051253~236521961944163112690665043802380084 
1~70166315321356113708~30~990316019100941198112510370917077005930406022701500088 
0~06028h02650253019401~201110073005600410084007800720063005~00430033002300190015 
002b0024002200200~1700~400110008000600050004000400030003000300020002000100010000 
3~523310303526b9222117~611380529023000172538233921321859153011540742031701350026 

0~060265G2320191014601~100620032002200140084007000600046003600240016000900070005 
0~~6002200180014001100600005000~000~0001~004000~0003000~000100000000000~000000G0 
3552329030U6263i21751b~410830471017700022538230620831797145610700651023100680003 
1~701575140411900940066103650109003200041196104309160762058503890197005500160004 
0~060249020901b10111006500300009000400010084006~00510037002700160006000200010000 
00260019001400100006000200010000000000000004000~00020001000000000000000000000~00 
3~52328229952617215916~510620450015700002538229420651774142810390616019900440000 
1~70156113841164090906~70~290079001300001196103008980736055603570165003100040000 
0 ~ 0 6 0 2 4 3 0 ~ U 0 0 ~ 5 0 0 0 9 6 0 ~ ~ ~ 0 0 1 8 0 0 0 2 0 U 0 0 0 0 0 0 0 0 8 4 0 0 6 ~ 0 0 ~ 8 0 0 3 4 0 0 2 0 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0  
002~0018001~0009000500~2000000000000000000004000~00020001000~00000000000000000000 
1~51129912141091093607~205450321020500880746074007030645056604710362024101780113 
0369037903670343031002~602150157012600940157016801660159014701300110008600730059 
0 0 
0 0 
1~51129512081084042707~105340310021000720746073506950635055504580347022601650098 
0369037503b10335030002~50203014401170081o157016501620154o14101230102007800450050 
0 0 
0 0 
1~51128411921063090207~30503029501880035~746072106750608052304220308020501480054 
0Sb90~6303~30313027302~501~00135010500500157015601510140012401040930082007000031 
0 0 
0 0 
1~5112691170103408680b~50462026501600025o746070106460572047903730260018501280046 
06b90347032002d30237018401450112009200350157014801360120010100650073005400450020 
0 0 
0 0 
1351125411471006083406~704200169007600150746066206180535043603240220007700300008 
0~b90331024602520~0101~300~10028001100030157013801210101007800520025000900450001 
0 0 
0 0 
1~51124311310~850~0906090~900158004900010746066805970508040402680160004200070000 
03690~1902790230017401~3005100070001000001570~3001100067006100340011000000000000 
0 0 
0 0 
1~51123911c509780h0005~80378013000240005~746066205690499039302750145002400050001 

1~701612145812601o2307~504640193009200321198107809670828066304750284012300660030 
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TABLE G-I. - LISTING OF PERMANENT INPUT DATA - Concluded. 

0 3 6 9 0 ~ 1 4 0 L 7 2 0 2 L 2 U 1 6 4 0 1 ~ U 0 U 0 0 0 0 ~ 1 5 7 0 1 2 7 0 1 0 6 0 0 ~ 2 0 0 5 5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 
U 0 
0 1 4 4 0 1 4 1 0 1 5 ~ 0 1 2 ~ 0 1 0 4 ~ 0 ~ ~ 0 0 b 4 0 0 4 0 0 0 ~ & 0 0 ~ 5 0 0 1 5 0 0 1 6 0 0 1 5 0 0 1 4 0 ~ 1 3 0 0 1 1 0 0 0 9 0 0 0 6 0 0 0 5 0 0 0 4  
0 0 
0 0 
0 0 
0 1 4 4 0 1 4 0 0 1 ~ 1 0 1 1 Y 0 1 0 3 0 0 ~ ~ U U 6 2 U 0 3 ~ ~ 0 ~ ~ 0 0 1 3 0 0 1 5 0 0 1 ~ 0 0 1 5 0 0 1 4 0 0 1 2 0 0 1 1 0 0 0 ~ 0 0 0 6 0 0 0 5 0 0 0 3  
0 0 
0 0 
U 0 

0 0 
U 0 
0 0 

U 0 
U 0 
0 0 
u 1 4 4 0 1 3 3 0 1 ~ 1 0 1 u ~ 0 o 8 6 0 ~ ~ 5 ~ U ~ 2 U 0 1 7 u J 0 4 0 u u 0 1 ~ 0 1 5 0 0 1 4 0 0 1 2 0 0 1 0 0 0 ~ ~ 0 0 0 6 0 U 0 4 0 0 0 0 0 ~ 0 0 0 ~ 0 0  
u 0 
0 0 
0 0 
~ 1 4 4 0 1 5 1 0 1 ~ 8 0 1 ~ 2 0 ~ ~ 2 0 0 o 0 0 0 3 6 0 0 1 1 0 0 0 1 0 0 a 0 0 0 0 2 0 0 0 0 0 0 0 0 0 n 0 0  
ir 0 
0 0 
0 0 
u 1 4 4 0 i 3 0 0 1 1 7 0 1 ~ ~ ~ ~ a i 0 u ~ ~ ~ ~ 5 4 ~ a u 7 u ~ O l 0 o ~ O ~ i O l 5 O O l 3 o O l l o o o 9 n O 0 6 O O O 4 o O ~ l O o O O 0 U O 0 O ~ u O  
U 0 
U 0 
0 0 

O H I E N T t D  5 >PII&II\IG 5 PLAnET O i i I t i ~ T E O  T EARTH 
T t K  T IVIAKS T WirdCUNY T NEPTONE T SATURN T URANUS T VENUS 

0 l 4 4 0 1 3 8 0 1 ~ Y 0 1 1 5 0 o 9 ~ o 0 ~ Y o 0 ~ ~ u o 3 z o 0 l ~ o o 0 8 o u l 5 o o l 5 o o l 4 o o l 3 o 0 l l o n o 9 o o o 7 o o o ~ o u O 3 o n 0 2  

o i ~ ~ ~ ~ ~ ~ u ~ ~ ~ o i i u u ~ ~ ~ o u ~ ~ u u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o o ~ ~ u i ~ o ~ i ~ o ~ ~ ~ o ~ i ~ o o ~ o o o o ~ o o ~ ~ o n o ~ o ~ ~ i o o o o  

PLANt S A T r L L i l i i  1 PLAlkT T~IVPERATUKE IS CO~~STANT E I5 VARIABLE S 5UN 
T JUPI  T MOOlu 
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TABLE G-II. - LISTING OF SAMPLE CASE INPUT DATA 

8.73 

10MISCELLANEOUS COMPUTATIONS FOR SPACECRAFT I N  ORBIT AROUND EARTH AND MOON 
lOMATERIAL PROPERTIES 
0602 
0. .055 9000 .  . Ob5 10000.  .3 KEAL l  
0. ,970 10000. - 9 7 0  E H P l  
0. .930 9GOO. .93 10000. .180 E w P l  
0. 4 36 9000.  . 3 0  10000. .49 E E X l  
0. 14 9000.  1 4  10000. -183 E m 1  
+0 +00+22  +00+1 +05+22 +oo E T 3 1  
0 .  172.0 10000. 172.~3 kra11 
0 -  .22 1ooou. .2d K C A L l  

+00 CT31 +O +U0+212 +uG+Sb +O5+212 +00+6b  +03+215  
+86 + u 3 + 2 L 0  +00+106 +04+24 +00+1 +05+2W +00 CT32 
+U +00+1728 +03+1 +05+1728  +03  RT31 
1OCOMPUTATION O F  hEATS ANU TEMPERATURES FUR FOUR ELEMENTS ON TIiE SURFACE O F  AI4 
1OALUMINUM V E H I C L t  ORBIT1,JG THE NOON 
lOTEST CASE 501 
01 5 0 1  4 1 
02 0. 10. 1. 
0 3 2 1 1  165. 
04 1 62130 .  90.  530  .01 1. 
04 4 621U. 0. 405.  .uo5 1. 44. 
04 3 621210. 90.  540. .u1 1. 
04 2 621d. 180. 375. ,005 2. 
05 10. 130.  70. 55.29 -0 35 
07 4 

10 CASE. TO STUOY EFFLCr  OF SCIICl?Ih. iG FdEQULiuCY OF I'dTEIINAL HEAT LDUilS 
lUTEST CASL 5 0 2  
0 1  s u 2  4 1 
0 2  5 260. 5 .  7.25 
05 1 131. 181. 
u4 1 2 
04 2 3 .01 
05 3 60. 90. 170. 
Ub 2 c)  0. 15. Ld. 3U. 0. 45. 20. 
0660 U. 75.  E O .  40. U. 105. LO. 
06120. U. 
Ob 3 1 10. 300dU. 10. , 
0 7  2 

lUTEST C k S t  5 0 3  
01 5 0 3  1 
OL12 3 5 9  ~ 9 0 .  2.5 .5 
CIS 1-1 
04 1 2 1 1 ~ .  
U 4  2 311u. YO. 
04 3 211160. 
U'+ 4 31116U. 9 0 .  
0 7  4 

131. 161 

. b l  
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sorbed heat for node 1. 

Figure G-1. - Plotted output from sample ease 501. 
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(b) Absorbed heat for node 2. 

Figure G-1. - Continued. 
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( c )  Temperature for node 2. 

Figure G-1. - Continued. 
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(d) Absorbed heat for node 3. 

Figure G-1. - Continued. 
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(e) Absorbed heat for node 4. 

Figure G-1. - Continued. 
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(f) Temperature for nodes 3 and 4. 

Figure G-1. - Concluded. 
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(a) Absorbed heat for node 1. 

Figure G-2. - Plotted output from sample case 502. 
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(b) Absorbed heat for node 2. 

Figure G-2. - Continued. 
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(c) Temperature for nodes 1 and 2. 

Figure G-2. - Concluded. 
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APPENDIX H 

OUTPUT PLOT OPTION 

The SC-4020 data plotter can be instructed to produce two-dimensional plots and 
alphanumeric identification of the plots. 

Upon request, plots of heat versus time, stabilized temperatures versus true 
anomaly, o r  both, are provided. The range for the independent variable is up to and 
including one complete orbit. The heat plots have a double abscissa scale, with the 
second scale being true anomaly. Heats can be either incident or  absprbed, depending 
on the input code, with absorbed heat being also a function of input. Generous data 
identification is provided. 

Description of Output 

Information is taken from a magnetic tape produced by the program and repro- 
duced visually on 35-mm film by the SC-4020. This film can be used to make enlarged 
reproductions on sensitized paper. The two types of plots obtainable (heat and stabi- 
lized temperature) are discussed separately. 

Heat plots. - Plots of incident or absorbed heat versus time are obtained, one 
element per grid, unless the card type 01 requests temperatures only. The type of 
heat (albedo, planet, solar, or  total) portrayed by each curve can be determined by 
examining the plotting symbols that correspond to each output point. The following 
are the symbol conventions: 

Plot symbol Type of heat Cor responding 
printout identification 

A Albedo QALBEDO 

P Planet QPLAN 

S Solar QSOLAR 

Q Total (present only 
on absorbed-heat 
plots) 

QTOTAL 

The curves are formed by connecting the points with straight lines. Thus, the smooth- 
ness of a curve is a function of the calculation interval. 

Some of the parameters used by the program, plus other information, including 
vehicle-material absorptance with respect to planet-emitted radiation (PLANET ABS) 
and with respect to solar radiation (SOLAR ABS) are found in the upper portion of the 
grid. 
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The planet absorptance has two values, one for the period in which the vehicle 
is exposed to the Sun and one for the shaded portion of the orbit. When planet temper- 
ature is constant, both planet absorptance values, PLANET ABS (SUN) and PLANET 
ABS (SHADE), a r e  constant throughout the orbit. With variable planet temperature, 
the PLANET ABS (SHADE) value is constant, but the PLANET ABS (SUN) value is not 
necessarily constant. If the emittance table used by a particular element is not con- 
stant over the entire sunlit effective-planet-temperature range, the PLANET ABS 
(SUN) value is an average. 

Each axis of each plot is numerically labeled at nine locations that do not neces- 
sarily correspond to calculation points. The abscissa has two sets of labels, one for 
elapsed time (minutes) and another for true anomaly (degrees). The true-anomaly 
values correspond to the time values immediately above. Heat units ( B t u h r  or 
Btu/hr-ft ) will be printed vertically to the left of the ordinate. Also present will be a 
notation of whether the heat is absorbed or incident. The element and case numbers 
are found below the true-anomaly scale. 

2 

The remaining portion of the frame will contain as many as three horizontal lines 
of information. These lines correspond to the first three comment cards (card 
type 10) physically input in the present case data. These comment cards should be 
used to identify the plot completely and tie it to the normal output. 

Temperature plots. - When temperature calculations are requested by card 
type 01, plots of stabilized temperature versus true anomaly are obtained. If the 
temperature of an element has not been stabilized by the end of the last requested 
orbit, no temperature plot for the element will be given. The program logic deter- 
mines whether one or two element temperatures will be plotted on a single grid. Each 
calculation point during the stabilization orbit will be represented on the curve by a 
numeral one or two. The curves a re  identified below the grid. As  with the heat plots, 
the smoothness of the curve is a function of the calculation interval. 

The vertical axis is numerically labeled with nine values. A vertical alphabetic 

The case number, element number, and orbit during which the temperature 

label is also present. Immediately below the grid is a true-anomaly scale. 

became stabilized a r e  given for each curve on the grid. Below these items will be the 
comment-card contents, as on the regular output and heat plots. 

Stromberg-Carlson 4020 Data Plotter Requirements 

The SC-4020 data plotter is a peripheral system designed to read magnetic-tape 
output from a digital computer program and to produce graphic and alphanumeric out- 
put. As  the tape is read, the desired lines and characters are displayed on a cathode- 
ray tube and exposed to sensitized paper, film, or both. At MSC, the program user 
receives a strip of developed 35-millimeter negative film that contains the SC-4020 
output. This film can then be put on a film viewer, and an enlarged, positive paper 
copy can be obtained. 
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When the computer program is run on a Univac 1108 computer at MSC, the 
routines necessary to generate SC-4020 control instructions are included in the system 
library. Program users, other than those at MSC, who wish to utilize the plot option 
must either obtain the routines from MSC or supply a compatible version of their own 
routines. 
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APPENDIX J 

PROGRAM LISTING 

EXEC0000 
EXECOOlO 
tXEC0020  
EXEC0030 
EXECOOPO 
EXEC 0 0 50 
EXEC0060 
EXEC0070 
EXEC E x E c o o g n  0 080 

EXEC01 00 
t X E C O l 1 0  
EXEC0 1 2 0  
EXEC0130 
EXEC0 1 4 0  
tXEC0150  
EXEC0160 
EXEC0170 
EXEC0 1 8 0  
k x E c o 1 g n  
EXEC0200 
EXEC0210 
EXEC0220 
EXEC0230 
EXEC0240 
EXEC0250 
EXEC0260 
EXEC0270 
kXECO280 
~ ~ ~ ~ 0 2 9 0  
E X E C O ~ O ~  
tXEC0310  
EXEC0320 
kXECU330 
EXEC0340 
EXEC0350 
EXEC0360 
EXEC0570 
EXEC 0 3 8 0  
EXEC0390 
tXECU400 
t X E C 0 4 1 0  
EXEC0420 
kXEC0430 

L 
c 

L55 

2 

1 
4 

tXEC0470  
EXEC0480 
EXEC0490 
tXEC0500  
EXEC0510 
EXEC0520 
tXECO53O 
EXEC0540 
EXEC0550 
EXEC0560 
EXECU570 
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EXEC0580 YYYY f-OKMAT( / / /  18H CALCULATION TIME=Fb.E,13H 9 PLOT TIML=F6.2r 
1 2 a n  t TO?AL TlMt t-OH T H I S  CASE=kh.?,30H...ALL T IMES ARE I N  MINUTEEXEC0590 
El... I 

5 L O h l L N U t  
C *** dUW=2 MtANS WE H A V ~  RETUHNEU FROM L l N K  2 (PLOT ROUTINES) 

C CONSTANiS FOR NUMtRICAL INTEGRATION 
GO TO (3 ,290)~JUwIP  

3 IOKULH=Q 
tACT=l.U/(l.U-U.5**IORDER) 
HA(l)=1.0/6.U 
A A l 4 ) = A A (  1 1  
AA(EI=AA( l l *L .O 
A A ( 3 ) = A A ( 2 )  
r ( 1)=o.u 
P ' ( L ) = . 5  
r ( 3 ) = o  .5 
I' ( 4 ) = 1 0 
lOWU1=1 
IFIHST=l 

C CALL KOUTLNE 10 HtAL) I N  OATA AND l"R1NI HEADING 
2 Y  0 

2668 
2 b 6 Y  

L 

L 
150 

L 
L 

t 

C 

1 

2 

CALL TINPUT 
ItKHOH=3 
lF(FUDt i t+26hY.O) 2 6 6 Y # 2 6 6 8 , 2 6 6 9  
lEKHOR=l  
tNZU.U 
eMA6=0. 0 
tNHATL=U.fl 
YNHAl=O. U 

5A5,2=ll.5*S 
SKASH=SAS2*H 
tPlk"Y=O. 5 * (  l.O-R)*S 
14=S~HT(SoHT(S*(l.U-H)/6.~56~-0YJ) 

d1=1 
3 2 2  
1 IVIk ( 1 I =u . 0 
LALL R O U I I N F  TO 1*10vE V€HICL€ ALONG I 1 5  PHFSCHIbEU U R t i I l  AND 

LALL L w r  
l F ( J 1 J K . W  . f l ) G O  I O  255 
bO T O  2 Y U  
tNL) 

CONSIANIS FOR DIFFEKENTIAL LOUATION 

S t T  A L l E K N A r l N G  INDICES 

PtHFOkM HEQUIREU CALCULATION 

FUH U k C K l r D t C K l  
SUtrHOIITIIVt H t A O  

kHlTt f h , l l  
tOKMAT(lHl////////////////l 

P H l N T  VU1 CAPTION PAGE 

B K l l t  ( 6 ~ 2 )  
tOKMAT(4UXrSlHA COWUTER PROGRAM FOR CALCULATING EXTERNAL THERMAL/OK010060 

EXEC0600 
EXEC0610 
EXEC0620 
EXEC0630 
EXEC0640 
EXEC0650 
EXEC0660 
EXEC0670 
EXEC0680 
EXEC0690 
t X E C 0 7 0 0  
EXEC0710 
EXEC0720 
EXEC0730 
EXEC0740 
EXEC0750 
EXEC0760 
EXEC0770 
EXEC0780 
EXEC0790 
EXEC0800 
EXEC0810 
EXEC0820 
t X E C 0 8 3 0  
kXEC0840 
EXEC0850 
EXEC0860 
EXEC0870 
EXEC0880 
EXEC0890 
EXEC0900 
EXEC0910 
EXEC0920 
EXEC0930 
EXEC0940 
EXEC0950 
EXEC0960 
EXEC0970 
EXEC0980 
EXEC0990 
EXEC1000 

DKO 10000 
D K O l  0010 
D K 0 1 0 0 2 0  
D K 0 1 0 0 3 0  
DKO10040 
DKO 10 050 

140X1  5 1 H H A ~ l ~ ~ 1 0 P i  HEAT COAUS PNE TEMPEHATUHES OF SPACECRAFT/DK010070 
DKO10080 2 * 6 X  P 3 6 H O H b l I I N G  AtiOUT ?H€ PLANFTS OK THk MOON 

3//// D K 0 1 0 0 9 0  
4b4X*2Htiy / /  42X#47HMIDBEST RESEAKCH I~~TITu~E,KANsAS C I T Y ~ M I S S 0 U R I D K 0 1 0 1 0 0  
5/65Xe3HANU /44Xt43hNASA MANNED SI'ACFCPAFT CENTERtHOlJSTON~TEXAS D K O l O l l O  
6 / / / / / / / / / / / / / /  42Xr53HDOClIMENTEU 1N THE NASA TECHluICAL REPORT TRDK010120 

) OK010130 7 -K tS97)  /4l)k943Hfl'I H.FINCH~K.VOGTPD.SOMMEHVILLE~AND D-RLAND 
OK010140 K H l l E  (6,6111 
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611 kOKMAT( lH1)  

KETUHN 
kNU 

CALL mtnu 
DKOlO 1 5 0  
DKO 1 0 1 6 0  
DKO 1 0  1 7 0  
DKOlOl8O 

OK020000 
DK020010 
DK020020 
OK020030 
OK020040 
DK020050 
OK020060 
OK020070 
DK020080 
DK020090 
DK020 100 
OK020110 
OK020120 
DKO20130 
OK020140 
OK020150 
DK020160 
OK020170 
DK020180 
OK020190 
DK020200 
OK020210 
DK020220 
DK020230 
DKO20240 
DK020250 
OK020260 
DKO20270 
DK020280 
DK020290 
OK020300 
DK020310 
DK020320 
DK020330 
UK 0 2 0 3 4 0  

OK020360 
DK020370  
DK020380 
OK020390 
DK020400 
OK020410 
OK020420 
UK020430 
OK020440 
OK020450 
UKU20460 

DK 0 2 0 4 8 ~ 1  
OK020490 
OK020500 
OK020510 
DK020520 
DK020530 

0 ~ 0 2 0 3 5 ~ 1  

0~o2o471-1  
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€OUIVALENC& (NARLAVAHEAI OK020540 
NHtAU=l  OK020550 
JI-LAG=U UK020560 

U A 1 A (3 U 11 U C 1 / U  0 5 0 5  0 5 0 5 0 5 0 5  / DK020580 
l u O S  PNAMk( IHLI =QU00C I OK020590 

LN=U DK020600 
UO 397 I = l t N 5 A T P  OK020610 

3Y2 l M l H H O ( 1  I=0 OK020620 

tcElvIND 9 DK020640 
hErvlND 11 UKU20650 
N€.wGAM=O OK020660 
hEaUC=U OK020670 
IVEkMAT=fl OK020680 
lF(1kIKSI-1) 5 1 ~ 5 Y ~ 3 9  OK020690 

L T H I 5  5FOCltNCF 1 5  EXECUTED ONLY OWCF UK020700 
3 Y  l f l H S T = O  UKUP0710 

k€ I CH=U UKU20720 
L A L L  HEAL) OKU20730 

DK020740 
LI)  3 Y l  J = 3 t H  UK 0 2 0 7 5 0  

I h M L l  (21=1Bh.O OK020770 
IKHLl ( s ) = l O . u  
IKHL r (1 ~=200.0 OK020790 
TKALI  (41=2UO. OK020800 
1 K H L  I (9 1=200.0 UK020810 

L K t A U  COMMEIYT CAHUS OK02082 i l  
L NCAKU G K ~ A ~ L H  THAN Y I N b I L A l f S  COMMLNT LAKD DK020830 
L * e * *  1 H P t  3 W A S  HEPLACtU HY TAPE 4 T u  HCLOIUIMUDAIt 1HE CHAINFU PROGHAMSDKOPOA40 
L **** NtCtSSAKY FUH P L O I  OP1ION. (SkPT, I l r t l Y 6 4 1  UK020850 
L CUMw€NT5 AHE 5 ? O H t l )  ON TAPF 9 T O  BE C U P I E U  AFTFH HFADIN6 IS WHITTENOK020R60 

5 1  K € A U ( 5 t h U 4 2 )  K 1 ( L I d I t J = 1 , 1 3 1  UK020R70 
bU42 kOKMA1 ( I L 1 1 3 H h l  UK020880 

UK020R90 
5 / U  i F I K - A I  b 0 4 1 t 5 7 3 r S / P  UK020900 
5 / 2  b K l l t  ( Y t h 0 4 Z ) K e ( Z ( J ) t J = l t 1 3 1  OK020910 

lUUUU b O  11)OUZ L t J J Z l r l . 3  OK020930 
DK020940 iN=LiU+LtW 

iuu(12 t N A M ~  1 ~ )  =L (LH J ) DK 0 2 0 9 5 0  
&HtA!J=i%HtfiU+1 UK020960 
LN=L 19 t 13 D,K 0 2 0 97 0 

GO I O  5 1  DK020990 
t?U41 d F ~ A b = l  UKU21000 

(30 10 5 2  OK02101 0 
L HHHNCh T O  > l U K E  IhPUT UATA UKU21020 

h U 4  GO 1 0  6 0 5  OK021030 
bUS CO l U  ( 1 , 2 , 3 , 4 t 5 , ~ , 7 I r ~ L A K D  UKU21040 
1 IbUhNUIv= ( l I I U * K + L )  *1 UU+M O K I J ~ ~ O ~ O  

IvWUK 1 =IV OK021060 
hPLOi=w(l) UKu21070 
GO 1 O  5 2  UKU21080 

2 l b P K I N ? = k 1 A X ~  ( K  , 1) UKUP 1 0 9 0  
JUuGt=10U*L+lvl OK021100 
l - H A L Z = w ( l )  UKU21110 
UPtI 1 L= w ( c I UK021120 

DKU21130 h t V = l v  ( 5  1 

LJO 1 0 0 5  I H L = l t 3 9  0 ~ 0 2 0 5 7 0  

H t h I N I )  4 ~ ~ 0 2 0 6 3 0  

L Stl PLANkI  COLn SlUt TECPERATUkES 

J Y l  l K A L l ( J ) = S U . U  ~ ~ 0 2 0 7 6 0  

0 ~ 0 2 0 7 ~ 0  

AI- ( K  ) 51 e 5 1  t 5 / 0 

IF ( NHF A l l - 5  ) 1 U 00 0 , l  UUU0 t 1 0  (10 1 0 ~ 0 2 0 9 2 0  

l U u U l  COivTiNUF u ~ 0 ~ 0 9 a n  
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0 ~ ~ 2 i i 4 n  
UKU21150 
UKU21160 
DKU21170 
UKU21180 
UKU21190 
OK 02  1 2  0 0 
UKU21210 
UK021320 

UKU21240 
OK071250 
UKU21260 
OK021270 
UKU21280 
UKU21290 
OK021300 
DK021310 
UK 0 2 1 3 2 0  
UKU21330 
UKu213yO 
OK021350 
~ ~ 0 2 1 3 6 n  
~ ~ 0 2 1 3 7 0  

UKu21230 

UKU21780 
UK 0 2 1  3Y 0 
OK021400 
UK021410 
UKU21420 
UKU21430 
UKU21440 

THE MIN.UKU71450 
UK021460 
UKU71470 
UUU21480 
UKU21490 
UKU21500 
UKU21510 

UKU71530 
UKU21540 
UKU21550 
OKU2156n 
UK021570 
OK U2 1 5 8 0  
UKU21490 

uF O A ~ A  U K ~ P l 6 n n  
UKUPlF.10 
UK021620 
UKU21630 
UKU21640 
UKU71650 
UK 02 1 6 6 0  
u ~ u a i h 7 n  
UKU21680 
UKU21690 
UK U2 1 7 0  0 
UKU21710 
UKU21720 
UK021730 

~ ~ ~ 2 1 5 2 0  
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4 U 2  lF(NZ(7)-NMLANK) 
4 U 3  OMtGA(J)=W(2)*PI  
4032 N T K I G z 1  

4 0 4  IF (NZ(9 ) -NBLANK)  
4 U 5  l Z ( J ) = W ( J )  
4 U 6  1F ( N L  ( 11 1-NBLANK 
407 TH lCK(J )=W(4)  

NEwGAM=l 

4 0 3 ~ 4 0 4 r 4 0 3  
8 U  

4 U 5 r 4 0 6 ~ 4 0 5  

407~408,407 

409,410,409 

411v412~411  

423,414,413 

4 U 8  IF(NZ(2)-NMLANK) 
4UY fLCVAT(J)=M 
410 lF (NL(J ) -NMLANK)  
411 tuSUBS (J ) =N/ 1 0  
412 IF(NL(4)-NBLWNK) 
413 NUUTY(J)=MOO(NPlU) 
414 NEwMATzl 
W14U WRlTE (4rS91)K,(L(I)vI=lv12)v~RE~~L(l~) 

4141 I\IOL'E(J)=XNODk 
42 I F ( N O D E ( J ) )  4142,4142~52 
4142 PIOUE.(J)=J 

60 TO 52 
5 KAtrGZK-3 

LSHAOE=L 
t'HlN2=W(b) 
t'HUT2ZW ( I )  

IF (NZ(13 ) -NBLANKI  4 1 4 1 ~ 4 2 ~ 4 1 4 1  

c I F  K 15 3, SUN P O S I T I O N  15 G l V t N  PY aLPHA,MElP,GAMMA 
c I F  I~OTP IT 15 t i I V k N  BY UATA FKOh EPHFMERIS ANU OPBIT  UATP 

lF(KAI3G) 5 0 1 ~ 5 0 P t 5 U l  
SU1  ANiNCL=W (1 

L ASIYLNG I 5  LAKGE OMEGA 
c A5CNOU IS SMALL OMEGA 

ASCNVDZW (2) 
ASI\ILNG=W ( 3  1 
KG I ASCZW ( 4 )  
UELLlN=W(5) 
60 10 52 

SUB ALt'2=!#(1) 
bEl2zW 12 I 
6Ah2=W ( 3 )  
ALi-'HA2=ALP2*VI18U 
6AiqMA2=GAM2*?118u 
l jEIA2=t3ET2 * P I 1 8 U  
CV5A=COS(ALPhA21 
CO5B=COS(BETA2) 
CO5G=COS(GAMMA2) 
5INM=SIN( l jETA2) 
60 10 52 

b ~ ~ ~ N T ~ ~ O ~ K ) = ~ O U O U ~ U U ~ . O  
CALL Q I I N ( K , L v W ( l ) )  
I\I€wOC=l 
b O  1 0  52 

7 NSAlP= lOU*KtL  
hSATP=HOU(NSAT!',LOl) 
BO 10 52 

C WHlTE LASE I O E N T I F I C A T I O h  
L u ~ H 1 T t  TEKMlNATlON MAHK ON 5CKPTCH IAPFS ANU KFWIND 

90 ri=u 
w K l T k  ( 9 i h 0 4 4 ) K , ( W H ( J ) v J = l l l J )  

b U 4 4  f -OKMAT(ILv13A6) 
K E W ~ N O  9 

OK021740 
OK021750  
OK 02 1760 
OK021770  
OK021780 
U K 0 2 1 7 9 0  
OK021800  
OK021810  
DKU21820 
OK021830 
OK021840  
OK021850  
OK021860  
OK021870  
OK021880  
OK 02 1890 
OK021900  
OK021910  
UKU21920 
OK021930  
OK021940  
UKU21950 
OK021960  
OK021970  
OK021980 
OK021990  
UKU22000 
UK022010  
UKU22020 
DK022030  
OK022040  
UK 0 2 2 0 5 0  
OK022060  
UK022070  
OK022080  
UK022090  
OK022100  
DK022110  
UKU22120 
OK022130  
OK022140  
UK022150  
UK022160  
OK022170  
OK022180  
OKU22190 
UKU22200 
DK 0222 10 
UK022220  
OKU22230 
UKU22240 

UKU22260 
UKU22270 
UK022280  
UK022290  
UK022300  
OKU22310 
UKU22320 
OK022330  

0 ~ 0 2 2 2 5 n  
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OKU22340 
OK022350 

b42 

L 
7 U 1  

I10 
715 
718 

-/LO 
c 

L 

OK022540 
UKU22550 
OKU32560 
D K u 2 2 5 7 n  
OK022580 
0 ~ ~ 2 2 5 9 0  
OK 0 2 2 6 0 0  
UKU22610 
UKU22620 

A h 0  OMEGA DKU22630 
OK022640 
OKUP2650 
OK022660 
OKU22670 
OK022680 
OK022690 
UKU22700 
OK022710 
UKU22720 
OK022730 
OK022740 
OK022750 
OK022760 
UKU22770 

UKU227YO 
U K J ~ ~ ~ E ~ I  
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651 tOnMAT(1JH I N C L I I U A I I O N = F ~ O . ~ , ~ ~ H  ARbllMENT OF PEHIFOCUS=F10.5,2lH OK022940 

2 lOlu=t- 10.5 1 OK022960 
YY0 1FlNEWOC) 150,15U,110 OK022970 

C TKANSLRIBt: i Y t w  lNTERNAL H t A l  LOAOS OK022980 
1 1 0  w H l l E  ( 6 , 1 0 9 )  OK022990 
1 U Y  tOkMAT(24HONtW DUTY CYCLES READ I N )  OK023000 

V O  1 4 0  L= l ,P  OK023010 
HEAD l l l ~ K ~ K L ~ ~ L ~ J I ~ J ~ 1 ~ 4 1 ~  OK023020 
I F ( K 1  1 5 U v 1 5 U , l l l  OK023030 

111 h=kL+KL+ l  OK023040 
l F ( Z ( 4 1 ) )  1 1 3 , 1 1 3 ~ 1 4 U  OK023050 

113 IL=i DK023060 
OK023070 1 4 0  H H l l E  ( b , l 3 Y ) K , ( L ( J ) , J = l r N )  

1 5 0  F O n M A T ( 6 H l l I N U E X I L / ( ~ H  QIN=F8.4,4H I=FR.?,6H QIN=F8.4,4H T = F 8 ~ 2 O K 0 2 3 0 8 0  
l v 6 H  OIN=F8.4,4H I=F8.2,6H OIN=F8.4,4H TZFR.2))  OK023090 

1 5 0  l F ( N t W M A 0  YYYv9YYr151  OK023100 
c I K A N 5 C K I a t  NEW ELEMENlS OK 0 2 3 1  1 0  

1 5 1  w R l l t  ( 6 ~ 1 4 Y )  OK023120 
1 4 9  t Ot(MA1 ( 37HOELEMFciT COAl ING SUBSTKAI F DUTY CYCLESX5HLAMDA7X5HOMEGA7OK023130 

I X ~ H T ( ~ ) ~ ~ Y H T H I C K I Y E ~ ~ ~ X ~ H A R € A ~ X ~ H N O ~ ~  NO. ) DK023140 
DK023150 LO 170  L=1,2U0 

LL=L OK023160 
K t A U  ( ~ , S Y ~ ) K I ( L ( J ) , J = I , ~ ~ ) ~ A R E ~ ~ L ( ~ ~ I  OK023170 
I F l K )  'WY,YYY,17U OK 0 2 3  I 6 0  

OK923190 170 k K l l t  (h,156)(Z(J),J=1,12),AHEA,L(13) 
156 ~ O ~ M A T ( ~ X A ~ ~ O X A ~ , ~ X A ~ , Y X A ~ , Y X A ~ , ~ ~ ,  4YA6rA2,  4XA6vA2, 4 X A 6 v A 2 ,  DK023200 

l L X t A b r 4 X ~ A 6 )  DK023210 
c S t T  I N I T I A L  TtMl'EKAfURES DKU23220 

Y Y Y  bO YY8 J= l ,N5ATP OK023230 
YYH 1 ( l , J )= lL IJ )  OK023240 

DK023250 lUUU kEVlINO 11 
h k w I N V 4  OK023260 

OK023270 b K l T t  1 6 ~ 4 6 1 ) H t V  
4 6 1  tOUMAT ( / /  3aH MAXAMUM NO. OF O R b I l S  PEQ~JFSTLD= F7.3 1 DK023280 

KE I UKN OK023290 
t N U  OK023300 

1 LUNG. Ot ASC. N U U t = F 1 0 ~ 5 / 1 R H  RIGHT ASC€N510N=Flfl.5,14H DECLINATOK022950 

OK030000 
DK 030  0 1 0  
OK030020 
OK030030 
OK030040 
OK030'050 
DK 030  0 6 0  
OK030070 
DK030080 
OK030090 
OK030100 
OK030 11 0 
OK 030  120 
OK030130 
OK030140 
UK 0 3 0  1 5 0  
OK030160 
OK030170 
OK030 1 8 0  
DK030190 
DKO30200 
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COMMON PHIl,I'HI2,1SIG,FUDGE*T4,~UD~€~FUFFEH~UV~NLIN~ 
LOhMON C ~ S L S ~ S I N L S ~ U T ~ T ~ S X N L I C O ~ L ~ ~ I N O ~ C O S O , T H I C K , N C O A T ~ N S U ~ S ~  

COiriMON E ~ U N , ~ E E , K O ~ S I ' , T Q I N T ~ N ~ U T Y P A N ~ N C L , A S C N O D ~ A ~ N L N ~ * R G T A S C ~  

UIMEIVSION A A ( 6 ) r w A l ( b ) r P ( 6 ) , I ' 1 ( 6 1  

lLOSK5,rI'HlT,GAMM 

TIJELLIN 

LOiwiMON A A , A A 1 , P ~ I ' l r I O R D E R ~ I O I i ~ l ~ l ~ ~ R O R , T H € T A ~ D T M A X ~ E N l ~ E N ~ F A C T ~  

LOPiMON H5UNthALHtHPLAN,NODE 
IJIPtENSlOIV HSUN(2UO),HALB(200),HPLAN(ZnO),NOUE(200) 
LOMMON U t T C H  
LOMMON HASUNVHAALBVHAPLN,HATOT 
VIMENSION H A b U N 1 L O U l r H A A L 8 ( 2 U O ~ ~ H A l J L ~ ( 2 0 O ~ ~ H A T O T ~ 2 0 0 ~  
LOMMON ZAHEA 
UIF.iENSION ZAHEA (LOU 1 
LOMMON I M l H H U  
UIFIENSION I k l  HRU ( 200 1 
LOtYiMON I # H I ~ P N A M t ~ l J H I P L T ~ T I M P L T ~ ~ P L O T ~ L A S T ~ J U C ~ ~ L C A X ~ I O N C E  
IJIIYENSIOIV P N A ~ E ~ ~ Y ) ~ P H I P L T ( 1 9 O ) , I I M P L T ( l 9 0 )  
LOPiMON TY ME1 t TY M t 2  r T YNlE 
UIvtENSiON T W E V  (2OU) 
U IMEN510N I S  I H L  ( LOU ) 
LORMON/HKIK/JI J K  

~YN~AT,EN~ATL,EMAG,UERRORVDTTEST 

IJO 300 1 = 1 ~ 2 ~ 0  

IMHI=NSA w 
S O U  i M l H H I l ( I ) = O  

L A L L  R E S t l  
00 @ O 7  IL=1,190 
PHLlJLTI IL1=0.0 

407 i I w L T ( x L ) = n . n  
c H k 5 t T  LlNE COUNT AND PUPNT P A W  HEAVING 

lFIJUUbE-.559) 7 1 U ~ 7 1 1 ~ 7 1 0  

OK030210 
OK030220 
DKO30230 
O K ~ 3 0 2 4 0  
DK030250 
DK030260 
OK030270 
DKO30280 
OK030290 
OK030300 

OK030320 
DK030330 
DK030340 
DKO30350 

OK030370 
DK03038O 
DKO30390 
OK030400 
DKO30410 
DK030420 
DK030430 
DK030440 
DK030450 
OK030460 
DK030470 
DKO30480 
DK030490 
DK030500 
DK030510 
DK030520 
DK030530 
DK 03 0 5 4  0 
DK030550 
OK030560 
OK030570 
DK030580 
OK030590 

DK030610 
OK030620 
DK030630 
OK030640 
OK030650 

OK030670 
OK030680 
OK030690 
OK030700 
DK030710 
OK030720 
OK030730 
OKu307u0 
OK030750 
0 ~ 0 3 0 7 6 0  
UK03U770 
OK030780 
DKO30790 

OK 0 3031 0 

0~030360  

0 ~ 0 3 0 6 0 n  

~ ~ 0 3 0 6 6 0  
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UT~iAX=KN*IZZL-C*bINZLI /A) -ZZl  
L SFT I N I T l A L  TEiWtHATURES FOR SIEHPY S T A l E  TESTS 

Y 1 2  L O  731 J=l ,NbATP 

73.3 I P H E V ( J ) =  T ( l r J )  
I F I I M T H H U I J ) )  731,733,731 

131 LOivTlNUE 
732 LI luC=360.O/O~H12+0.5 

hHtV=REV+.99Y9 
lSUN=l 

C IAPES 9 ( A 5 )  ANU 11 ( A 6 )  ARE USLD A 5  TEMPQHM?I STORAGL FOK 
c nNU OTHEk VALUARLE INFORMATION... 
sou 1 1 s  

OK030810 
DK030820 

DKU30R40 
DK030850 
DK030860 

OK030880 

TEMP. DK030900 
DK030910 
OK030920 

~ ~ 0 3 0 ~ 3 0  

0 ~ 0 3 0 8 7 n  

DKOJORSO 

DK030930 
DK030940 
DK030950 
0 ~ 0 3 0 9 6 0  
0 ~ 0 3 0 9 7 n  
OKU30980 
0 ~ 0 3 0 9 9 n  
OK031000 
DKO 310 1 0  
UKO31020 
OK 0 3 10 3fJ 
OK031040 

OK031060 

OK031080 
DKU31090 
OKU31100 
UKU31110 
UK031120 
DKU31130 
OK031140 
DK031150 
OK031160 
OK031170 
UK U 3 1 1 80 
OK031190 
OKU31200 
DK0312 10 
UK031220 

DKU31240 
OKU31250 
UKU31260 
DKu31270 
UKU31280 
UK1.131290 
DKU31300 
DK U 3 1 3 i O  
DKu3132n 

0 ~ 0 3 i n 5 n  

U K O ~ ~ O ~ O  

0~0312311 

~ ~ 0 3 1 3 3 n  
~ ~ 0 3 i 3 t r n  
~ ~ 0 3 1 3 5 1 1  
DK031360 
DKU31370 
OK031380 
DKU31390 
UKO 3 140 n 
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2UU l E 5 T  = ( P w I B B ~ - P H ~ N L ) * ( ~ H I A ~ ~ - P H O S ~ )  
l F l T E S T ) L 6 0 ~ L 6 0 , Z 6 5  

260 I F ( S U N ) l U t l O t 2 1 0  
C SUN-SHADE POINT JUST PASSED -- PEOEFIlYt PHlAtlS 

L10 hS5=-1 
A F I N D 0 ) 4 1 1 ~ 4 1 1 ~ 4 1 2  

C *** W I N 2  I SUN 
4 1 1  PHIABS=PHlN2 

1SuN=2 
SuN=l,o 
CO 1 0  1 0  

C +** P H I N 2  t SHADE 
412 k'HlAl jS=Pii lN2 + .i 

5uP4=0. 0 
bO TO 1 0  

I F  ( 1  t S T  1 2 6 0 9 2 6 0 1 2 6 6  
265 ~ E S T = ( P H L A B S - P X I I ~ ~ - ~ ~ ~ . ~ ) * ( P ~ I A H ~ - P H U T ~ - ~ ~ U . U )  

266 IF (SUN1 2U5tL05,lO 
C 5HADt-SUN POINT JUST PASSEU e- RtDEFIhlE I'HIABS 

205 I L S S l  
l F ( N O 0 ) 4 1 3 t 4 1 3 ~ 4 1 4  

C *** PH012 ? SHADE 
4 1 3  PH lA t lS  =PHO'll -.I 

lSUN=2 
bUIV=u. 0 

A F ( N O R B I T * L L - ~ ) ~ L ~ ~ ~ Z ~ ~ ~ ~ ~  
C *** I F  F t O U T - . l  t AT F l H S T  CALCULATIUN PUINT OF k IHST O R B I T ,  IS LE55  

C *** TnAN P H I 2 2  t P h I  A I  TIME ZERO) W t  5 H A I L  ALWAYS S K I P  WAT P O I h T  
427 ~ ~ t F E O U T - . l - P H I Z L ) 4 ? ~ , 4 2 9 t l O  

4 2 8  i F ~ A M S ~ P H I A R 5 - P H L B ~ D ) - . 0 0 0 0 0 1 ~ 4 3 U , 1 0  

4 1 4  PHlABSZ PHOT2 

42Y PHit3AD=PHlAR5 

L. *** PhOT2 t SUN 

0 ~ 0 3 1 4 1 0  
OK031420 
DK031430 
OKu31440 OK071450 

OK031460 
DKU31470 
DKU31480 
UK031490 

OK031510 
UK031520 
DKU31530 
OK031540 
OK031550 

OKU31570 
UK U3 1580 
DKU31590 
OK031600 
OK031610 
UKU31620 
OKU31630 
OKO31640 
UKU31650 

~ ~ 0 3 1 5 0 1 1  

OK 0 3 1 5 6 0  

0 ~ ~ 3 1 6 6 0  
~ ~ 0 3 1 6 7 n  

0 ~ 0 3 1 7 0 n  

OK031680 
OK03lht)O 

OK031710 
OK031720 
OK031730 
OK031740 
UKO31750 

DKU31770 
UKU31780 
UKU31790 
UKU31800 
UKU31810 
UKU31820 

UKU31840 
DK031850 
DKU31A60 
OKU31870 
UKU3188f l  
OK031R90 
OK03190f l  
UKU31910 
OKU31920 
UKU31930 
DKU31940 
UKU31950 
OK031960 
OKU31970 
UKU31980 
OK031990 

D ~ 0 3 1 7 6 n  

DYU31R30 

UKU 320  n n 

140 



4 0 6  l I M P L T ( N P T S ) = Z E I I  OK032010 
OK032020 

400  HEAD ( I l ) ( T ( J 2 , J ) , H S U ~ ( J ) , H A L ~ ( J ) , H A S U N ( J ) , h A A L B ( J ) , H A P L D K O 3 2 0 3 0  
b O  TO SO8 

lN(J),HATOT(J),J=l,NSATP) 0 ~ 0 3 2 n 4 0  
508 00 1 3  J z l t N S A T P  OK032050 

lFINQORT*NQOHT -S*1YOORT)503,507*503 VKU32060 
50.3 l F ( I M T H H U ( J ) ) 1 3 r S O S , 1 3  OK032070 
505 C A L L  TEMPeRtJ) OK032080 

60 TO 13 OK032090 
5 0 7  C A L L  H E A I ( J f  OK032100 

13 CONTINUE OK032110 
l F ( U H R V ) 2 1 , 2 3 * 2 3  OK032120 

2 1  I F ( K - 1 ) 2 3 , 2 3 , 2 2  OK032130 
2J LAbT=JT UK032140 

h R I T E  ( J T ) ( T ( J 2 , J ) r h S U N ( J ) , h A L ~ ( J ) v h ~ L A N t J ) , H A S U N ( J ) , h A A L B ( J ) , H A P L O K ~ 3 2 1 5 0  
l l u ( J ) t H A T O f ( J ) r J = l , l ~ ~ A T P )  UKU32160 

22 CONTINUE OK032170 
NU= MOD(L,NPHINT) OK032180 

1 4  l F ( 1 S U N - L )  1 5 ~ 1 6 v l b  UK032190 
' 5  I F ( N D )  17 ,16917 OK032200 

c PRINT AFTEH EVERY NPRINI  INCREMtNTS OK U 3 2 2 1  0 

17 J U a = J l  OK032230 
J1=J2 UK032240 

4 3 0  I F ( N S S ) 4 1 6 , 4 1 5 * 4 1 6  OK032260 
4 1 6  1 F ( N D 0 ) 4 2 7 ~ 4 1 7 ~ 4 1 5  OK032270 
4 1 7  hrUU=l OK032280 

4 1 5  NUUZO OKU32300 
NsS=o OK032310 
lF (1SUN-2 )  8U0,752,752 OKU32320 

8U0 COSvTINUE OK032330 
1F ( N P L 0 1 ) 4 3 Y ~ 4 3 i 5 ~ * 3 Y  UK032340 

43Y l F ( N O O R T - 3 ) 4 3 8 , 4 5 7 ~ 4 3 4  OK032350 
4 3 4  IF (UHRV)  435,436,436 UK032360 

4 3 6  IF IK -KHEV)  438,437,437 OK032380 
L *** CALCULATE AVG. EVP I F  I T  IS TIME TU b0 SO OK032390 

4 3 7  C A L L  HEAT ( 2 U 2 )  OKU32400 
4 3 8  LONTINUE IJK032410 

16 C A L L  TOUT(L)  ~ ~ 0 3 2 2 2 0  

J2=JUB 0 ~ 0 3 2 2 5 0  

l F l N S S ) 2 1 0 e 2 1 O e 2 U 5  0 ~ 0 3 2 2 9 0  

4 3 5  l F ( K - l ) 4 5 7 r 4 S 7 ~ 4 J 8  0 ~ 0 3 2 3 7 0  

AF(UKRV)Y9,410r410 m u 3 2 4 2 1 1  
C IF TEMPEKATUnE CYCLE HAS S T A b I L I L F D ,  HALT COMPUTATION O K O ~ ~ U O  

4 1 0  lF(NQORT*NQOKT - 3 * N O O R T ) 8 0 2 # Y 9 , 8 ~ 2  UK032440 
c i M i H H I I ( 1 )  Z U MEANb THAT THE 1EMl"FHPlllRE OF CLEMENT I hAS OK032450 
L hrOl S T A H I L I Z L D  UK U3246O 

e 0 2  UO 8 0 5  I X = l s N S A T P  OK032470 
IF(IMTHHU(IX))BOS~Ul0~805 OK032480 

&03 l M l H K I I ( I X ) =  k OK032500 
1STBL (NS I HL)  =1x OKU32510 
NSTHL=NSTHL+l OK 032520  

UOS COiuT INUE UK 0 32530  
NSTl jL=NSTHL-l  UK032540 

OK032550 h H l T E  (6 ,854  1 Z E I  1 ~ h O H R I  1 
e 5 4  t O n M A T ( /  20H THE OUTPUJ AT TIME= FB.?,lYH €NnS O R 8 1 7  NlJMRER 1 3 )  OK032560 

NL lN€=NLlNE+S b K 0 3 2 5 7 0  
OKU32580 & R I T E  (6,40R)(ISI~L(IJK)~IJK=l~NbT~L) 

4 0 8  I-OKMAT ( 68H THE TtMi'ERATURES OF TkESF NUDES q 7 A B I L I 2 f O  DURING THFOK032590 

6 l U  lF(A~S(TPHEV(IX)-l(Jl,IX))- U.5) 8U3,R03rRU5 0 ~ 0 3 2 4 9 0  

1 LwS7 OKtlIT... 1215 / ( 1 X t 2 6 1 5 )  1 L J K O ~ ~ ~ O O  
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00 BUR I = l v N S A T P  
IF(IMTHHU(I))808,BUY~808 

808 COivl  INUE 
C *** CALCULATE AVb.  El+‘ I F  ALL NOUES HAVE r ; T A M I L l i € D  

l F ( N P L O T ) 4 4 0 * 9 9 , 4 4 U  
44U C A L L  HEAT(202)  

GO TO 99 
M0Y LONTINUE 

00 806 IX=l, iVSATP 
l F ( I M T H K U ( I X ) ) 8 1 1 b r ~ U 7 r 8 0 6  

l M H l = I X  
607 ~ P H E v ( I X ) = T ( . J ~ , I X )  

0 0 6  LOIUllNUE 
L R E S t l  SIAHTING INDFX I N  I N T t F N A L  HkAT TAPLFS 

uo n30 J=IVH 
l F ( l Q I N T ( 4 l r J ) - 2 . 0 )  8 3 U ~ 8 3 0 v M 2 8  

B L ~  IOINT(~~,J)=L.O 
630 LOivTINUt 

K l = I l  
I T Z J T  
dT=KT 
HEWIND I1 
HEwlNO J T  

630 LOIVT lNUt  
YY COiul  INUE 

L A L L  CLOCK ( 7  YNiEl J 
l F ( N P L U 1  ) l O U O 3 r l U U U 2 r 1 0 0 0 3  

W H L l t  ( b t Y Y Y 9 ) T Y i ~ I E l  

1 11H MINUIES... ) 

lUU0Z IYlvlE2=u.u 

YYYY f O H M A T ( / / / /  s3H LALCULATION T I M E  FUR THI5 CA5F = F6.P i  

KE I UHN 
lUUU3 CONTINUE 
L *** SNtAK A V b .  E Y P  I h T U  L I h K  7 

C A L L  H E A l ( 2 0 3 )  
LMHXZNPT !i 
$ H I  T t  ( 4  t 4119 1 

%0Y tOHMAT( / / /  b R H  5-L. 4020 PLO15 HHVk UFEN REOUFSTkn PNP SHALL 
1 u V I U t P  BY L I N K  2 ) 

LALL MAIN7 
J I d K = I  
tcE I UHN 
t N L )  

OK U32610 
OK032620 
DK032630 
OK032640 
UK U 3 2 6 5 0  
OK032660 
OK032670 
OK032880 
OK032690 
UK 0 3 2 7 0 0  
OK032710 

OK032730 
0KU32740 
OK 0 3 2 7 5 0  
UKU32760 
DKU32770 
UK03278n 
UK032790 
OK O328Ol.l 
UKU32810 
OK032820 
UKU3283CI 

OK032850 
UKU32R60 
OKUW870  
UK032880 
DKO32R90 
UKU32900 
OK032910 
UK 0 3 2 9 2 @  
UKU32930 
OK 0 3 2 9 4 0  
DKU32950 
UK U3296f l  

P t  PRUKU3298n 
UK 0 3 2 9 9 0  
UK033000 
UKO3.5010 
UKU33020 
UKu3.5030 

~ ~ 0 3 2 7 2 0  

OK032840 

UK 03297n 

UK040000 
UKU40010 
OK040020 
UKU40030 
OK040040 
u K u 4 0 0 5 0  
UKU40060 
DK040070 
UKU40080 
OK040090 
OKU40100 
OK13401111 
UKU4012O 
UK040130 
OK 04 0 1 4  0 
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DK 040 150 
DK040160 
DK040170 
DK040180 
DK040190 
OK040200 
OK040210 
DK040220 
DK04023O 
DK040240 
DK040250 
DK040260 
OK040270 
DKO40280 
OK040290 
OK040300 
OK04031 0 
DKO40320 
DK040330 
OK040340 
OK040350 
OK040360 
D K 0 4 0 3 7 0  
DK040380 
OK040390 
DKO404OO 
DK 0 4 0 4  IO 

l u O 1  tOKMAT ( l H l , / / / / / / / / / / 3 5 H  YOU WAlvT A PLOCK OUTPUT FOH IUQORTZI3 / /  OK040420 
1 61H T H I S  IS NOT P U \ b I t l L E  AT THE PHFSFNT TIMt...l SHALL CALL E X I T ) D K 0 4 0 4 3 0  

L A L L  € X I 1  

IF(NWOH1-2)512,512,513 
4 u  n1=1 

513 tkAKG=NWOKI-2 

512 hAHG = - E u 0 0 H I  
3 1 4  L A L L  T A L L Y i N L I N F  rLvNPKG) 

i F ( N O O K T - l ) 4 i , 6 1 r 5 1 0  
5 1 0  l F l N O O H 1 - 2 ) 5 l r 5 1 ~ 5 1 1  
511 1 F ( N O O H T - 3 ) A l , B l r 9 1  

bo l v  5 1 4  

L 
41 

42 

43 
411 
412 

51 

S L  

55 

bl 

hL 

63 

OK040440 
DK040450 
DK040460 
OK040470 
DK040480 
DK040490 
OK 0405 0 0 
OK040510 
OK040520 
DKOIlO530 
DK040540 
OK040550 
DK040560 
OK040570 
OK040580 
DK040590 
OK040600 
DK040610 
DKO40620 
DK040630 
DK040640 
DK040650 
DK040660 
DK040670 
DK040680 
DK040690 
DK040700 
DK040710 
DK040720 
DKO40730 
DKU40740 
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C INCIDENT AND ABSORBED hEATS 
8 1  WKlTE ~ 6 ~ @ l 0 ~ P H I ~ Z t l T ~ N O D E ~ l ~ ~ H S U N ~ l ~ ~ H A L R ~ l ~ ~ H P L P ~  

f A A L ~ ( 1 1 , h A P L N ( l ) , H A 7 0 T ( 1 )  
6 1 0  FOKMATt / F 6 . 1 , F A ~ 2 9 l X I 3 ~ 3 F 1 0 ~ 2 ~ 1 1 X ~ 4 ~ 1 0 ~ 2 ~  

i F l N S A T P - 2 ) Y Y t 8 2 , 8 2  

C A L L  T A L L Y ( N L I N E , l , l )  
8 2  LJO 83 J=P,NSATP 

83 WRITE ( 6 , b 3 0 ) N O D E ( J ) , H S U N ( J ) , H A L ~ ( J ) , ~ P L A N ( J ) , H A S l J ~  
l P L N ( J ) , H A T O T ( J )  

6 3 0  FOKMAT (15x139 3 F l U . 2 , 1 1 X ~ 4 F 1 0 . 2 )  
60 TO 99 

1 J r  HASUhl(1 
DK040750 

rHDK040760 
DKO40770 
OK040780 
DK040790 
DK040800 
DK040810 

J) ,HAALB(J) ,HADK040820 
DKO40830 
PK040840 
UK040850 

C TEMPEHAlUKE,INCIDENT HEAT, APiO ARSOHREO HEAT OK040860 

1 5 U N ( 1 ) , H A A L R ( l ) , n A P L N ~ l ) ~ H A T O T ( 1 )  OK040880 
Y10 FOKMAT ~ / F 6 . 1 ~ F R ~ 2 ~ 1 X I 3 ~ 4 F 1 0 ~ 2 ~ 1 1 X ~ 4 ~ 1 0 . 2 ~  OK040890 

l F ( N S A T P - 2 ) 9 Y ~ 9 2 v 9 2  OK040900 
Y2 UO 93 J z L t N S A T P  OK040910 

C A L L  TALLY (NLINEv1,2)  OK040920 
93 WRITE ( h , 9 3 0 ) N O D t ( J ) , T ( J 2 , J ) , ~ S U N ( J ) , ~ A L B ( J ) , H P L A N ( J ) ,  HASUN(J)9HADK040930 

OK040940 

41 b R l T E  ~ 6 ~ 9 1 0 ~ P H I ~ Z t I T ~ N O O E ~ l ~ ~ T ~ ~ 2 ~ l ~ , H S U N ~ l ~ ~ H A L ~ ~ l ~ ~  H P L A N ( l ) r H A D K 0 4 0 8 7 0  

lALM(J),HAPLN(J)lHATOT(J) 
93U bOKMAT (15XIS,4Fl0.2,11X,4FlU.2) 

60 T O  99 

L A L L  TALLY(NLINEvLM+2,-3)  
LF(NOOK1-1) 1 1 9 2 1 9 2 1  

i u  L H = t k S A T P + 9 ) / 1 0  

c ONLY HkAT FLlJXES ARL KEWl1IRE.D 
11 WKL’IE ( 6 , 7 0 2 ) P H I v L E I T  
1.i C A L L  AHRUUT(hSUN( l ) ,LR,NSATP)  

GO TO 31 
L TEmPtKATURES R ~ Q u I K E O  

2 1  WKITL ( 6 , 7 0 l ) P H I , Z E I T  
U O  2 3  J=l,NSATP,lO 
MI- =MINO 1 I)* J P NSA I P 1 

23 & R I T E  (6 ,705)Je( I (J2 ,N) rN=JINF)  
ilU5 I - O k M A T ( l 4 X I 4 ~ 2 X l U F i 0 . 2 )  

I F  (NOOH1 -1 Y9,9Y P 25 
L HEAT FLUXES AS CELL AS TEMPEHATUKFS NEEDED 

25 CALL TALLY(NLINE,L6+2*-3)  
kHlTTt ( 6 , 7 0 6 )  
bo TO 1 2  

51 C A L L  TALLY(NLINE,L&+E,-3)  
52 WHiTE ( 6 , 7 0 3 )  

L A L L  A H R U U T ( t i A L H ( l ) , L R r W . A T P )  
LALL TALLY(NLINE,Ld+2,-3)  

L A L L  AKRUUT(hPLAN(1)  vL8rNSATP) 
54 * R l l t  ( 6 ~ 7 0 U )  

7 U 1  ~ O k M A T ( / F 6 . 1 , F ~ . 2 , 1 4 H  TEMPEHATUHFS) 
1U2 ~ O K M A T ( / F 6 . l r F Y . 2 e l U H  Q SOLAR 1 
7U3 tOkMAT( /17XHhB ALH~OO) 
7U4 FOKMAT(/17XRnQ PLANET) 
I U 6  FOHMAT(/17XRtiQ SOLAK ) 

YY k E l U K N  
t N U  

DK040950 
OK040960 
OK040970 
DK040980 
OK040990 
DK 0 4 1  00 0 
DK04 10 1 0  
OK041020 
OK041030 
OK041040 
OK041050 
OK041060 

OK041080 
OK041090 
U K O 4 l  la0 
OK041 1 1 0  
OK 0 4 1 120 
OK041 130 
UK041140 
OK041150 
OK041160 
D K O U l l 7 0  
OK0411a0 
OK041190 
DKU41200 
OKU41210 
OK041220 
UK04123O 
OK041240 

OK041260 
UK041270 

UKu41070 

~ ~ 0 4 1 2 5 0  

UK050000 
OK050010 
OK050020 
DKU50030 
OK050040 
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1 u 9  UO 1 U L  I = l * N 5 A T P  
104 bHlTt(I)=MKI1€(IJ/FLOA 

C +** SAvF DAHK(I) AND f3HITF 
L 1\r0 LVNGkH U'itU Itu IHIS 

I I U  UO 111 I= lPNSATP 
hSUN(1)  =uAHK( I )  

111 hALH ( I I = @ H I 1  t ( I1 
b O  TU Y 9 9  

1011 C 0 i ~ l  i N U t  
~ S k l  =J 

bo 1v  993 
(NRRITE(1)) 

I )  I N  TWO AKRnYS k H i C h  ARE I N  COMMON BUT 
CASE 

DK050050  
OK050060 
OK050070 
DK050080 
DK050090 
DK050100 
OK 050 i 1 n 
0uo50120 

0 ~ 0 5 0 i g n  
DK050130 

DK050150 
OK050160 
OK050170 
OK050180 
OK050190 
DK050200 
DK050210 
DK050220 
OK050230 
DK050240 
OK050250 
DK050260  

DKO50280 

OK050300 
OK050310 
UK050320 
OK050330 
OK050340 
OK050350 
OK050360 
OK050370 
UK05038n 
OK050390 
OK050400 
OK050410 
OK050420 
DK050430 
OK050440 
UK050450 
OK050460 
OK050470 
DK050b80 

OK050500 
OK050510 
DKU50520 
DK050530 
UK050540 
OK050550 
UK050560 
OK050570 
OK050580 
UK050590 
OK050600 
UKU50610 
OK050620 
OK050630 
UK050640 

~ ~ 0 5 0 2 7 0  

0 ~ 0 5 0 2 9 0  

~ ~ 0 5 0 4 9 n  
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5 

55 

3 5 1  

c 

$52 

C 
3% 

C 
35 

c 
30 

c 
4U 

4 u l  

L 
42 

Sll 

412 
415 

4lh 

L 
4L 

dS=NSUBS(JSAT) 
AS=ESUN(JC) 
T E M T = T ( J l @ J S A T )  
LALL INTtHP( tEE( l ,1 ) ,TEMT,JCIEPSLN)  
C A L L  I N T E H P I K O ~ ~ ~ ~ I ~ T E H T ~ J S P K H O ~  
CALL I N T E H P ( S P ( ~ , ~ ) , I E M T P J S , C P )  
C A L L  I N T t K P ( t E E ( l r l ) r T ~ L I J C , t P P )  
t P S I 6 ~ = - 5 . 4 2 ~ E - O Y * t P S L h  
H H h C P = l . U / ( R H O * C r * l H I C K ( J ~ A T ) * 6 0 . 0 )  
kOUE=(3.0-SUN)*3.0*SUN 
KOUE=KOOt+3+KTEMP+NOKIEN+NOUiFN 
C.0 TO ( 3 5 ~ 3 6 ~ 3 3 ~ 3 U ~ 3 5 , 3 6 ~ 4 1 ~ 4 2 i 3 5 e 4 0 ~ U 1 ~ 4 ? ) ~ K O U ~  

CPLAN=O.L~*FIJ 
IF(SUN) 5 3 1 ~ 5 0 , 3 5 1  
F SUNZO. 5 
FALH=n.O 
I F  tCTHET 1 
t- ALB=FD*CTH€ I 
60 TO 60 

~-PLAN=FT#*FU/ (S* (~ .U-R) )  
b0 TO 50 

mbs=n. o 

~ P L A N = u . ~ * F F  
60 T O  50 

SPINNIN6,CONSIANT PLANET TEMPtHATURt 

60 ~ 6 0  933.2 

S P I # N I N ~ , S H A O ~ P V A H I A R L €  P L A M I  1 F M P t R A l U R t  

O K I ~ N T E L ) P S H A U ~ P C O ~ S T A N T  PLANE[ TFMPtRATUPE 

LALL GEOFAC(TF) 

OKItNTEU,SHHUt,VAHIARLE PLANET I F M P t - R A T U R t  
ANbS=O. 0 
L A L L  GtOF AC ( I -  F 1 
F P L A N = 2 . U * F T ~ * F F / ( ~ + ( l . U - ~ ) )  
60 7 0  50 

5 P I N N I N b r  SUN eVACt1AALE PLANFI I F M P ~ R A ~ U R €  
F P L A ~ = F D * C T H ~ T  
nUb=FTM*FU/(S*(l.U-H)) 
1FtFPLAN-HUH) 4 0 1 ~ 5 3 1 , 3 3 1  
I-PLAN=RU~ 
(70 T O  3 3 1  

STANC.=ANbS 
ANbS=O. U 
L A L L  GEOf-AC(TF) 
ANbSZS T A h b  
+PLAN=U . w F F  
C A L L  GEOFAC(t-F) 
t- 4LH=FF+Ft- 
I f t F A L t ) )  412,U15,415 
t- A L k O .  0 
I - s u N = ~ . o * L O ~ K S ( J S A I )  
I F  t FSlJN ) 1 6  # 60 b U  
t-SuN=0.0 
6010 60 

L A L L  GEOi-.AC(I-F) 

i-ALtI=FPLnN 
STnNG=ANbS 
nNbS=o. (1 
L A L L  GtOt -AC(FF)  

O H I ~ N T € U P  SUN rCOFuSTAN1 PLAlvFl IFMPtHAlURk 

OHICNTFU, SUN ,\IAHIAHLE PLAlvFI IFMPtRATUPk 

t- PLAN=CF+F F 

DK.050650 
UKU50660 
DK050670 
OK050680 
OK050690 
OK050700 
OKU50710 
OK050720 
OKU50730 
DK0507YO 
DK 050750 
OKU50760 
UKU50770 
UKU507AO 
OK050790 
DK050A00 
OK050810 
OKU50820 
DKUSOfl3n 
UKU50840 
w o 5 o 8 5 n  
OKUSUR60 
OK050870 
UKOSOFIRO 
DKUSO890 
OK050900 

OK050920 

OKU50940 
UK05095n 
OK050960 
UKU50970 
UK 050980 
OK050990 
DKU51000 
UKU51010 
UK051020 
OK U51O30 
UKu51040 
OK051050 
DKU51060 
OKU51070 
UK 05 10 80 
UK351090 
UK051100 
OKc151110 
UKU5112n 
UKUSl l30  
0 ~ 0 5 i l l r n  
UKu5115n 

u ~ 0 5 0 9 i n  

o ~ u 5 0 9 3 n  

OK051160 
UK051170 
DKU51180 
UK05119n 
DKU51200 
OK U5121O 
UK U 5  1220 
OK051330 
UKU51240 
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420 
402 
S U  
49 
b U  

A N 6 S z S T A N G  
KUb=2.O*FTM*FF/lS*(l.O-R)) 
1 F t F P L A N - H U B )  4 2 U , 4 2 0 , 4 2 2  
f P L A G R U B  
I F ( F A L B 1  412r415,415 
f SUNZO 0 
t- ALBZO 0 
OSuN=FSUN*SAS2 
OALB=FALt j *SRASH 
Q P L A N = F P L A N * t P T P s  
OSuN=AMAXl(QSUN,U.O) 
QALB=AMAXl (BALB,U .U)  
W P L A N z A M A X l  IUPLAN,U.O) 

WNtT=AS*(QSUN+QALB)+EPP*QPLAN 

AQALB=AS*QALU 
AQVLN=EPf'*QPLAN 
A T 0 7 Z Q N E T  
i F ( Z A R E A ( J S A 1 ) )  5 0 1 , 5 0 1 # 5 0 0  

QEXTZQSUN+QALB+QPLAN 

AQSUN=AS*QSUN 

500 AQSUN=AQSUN* Z A R E A ( J 5 A T )  

AQk'LN=AQPLN* Z A R t A ( J S A 1 )  
A T U T = A T O I *  Z A R c A ( J S A T 1  

I F ( N U R I E N )  6 U 7 , 6 U 6 r 6 0 7  

AQALB=AQAL i j *  ZAREA~JSAI) 

501 F4Zl.O 

b U 6  k4Z4.0 
b U 7  H S U N ( J S A T ) = F 4 * Q S U N  

H A L B  ( J S A  I) = F 4 * Q A L B  
H P L A N ( J S A T ) = F 4 * Q P L A N  
H A S U N ( J S A T ) = t 4 * A O S U N  
i i A A L ( J ( J S A 1  I = k 4 * A W A L t l  
h A b ' L N ( J S A T ) = F 4 * A Q P L N  
H A I O T ( J S A T ) = A T O T * F 4  
IF (NQORT*NQORT - 3 * N Q O R T ) 6 1 , 7 1 , 6 1  

bl C A L L  Q I F l N O ( J S A T , T t L A P S ' T I M E Z ~ T B ~ E ~ K ~ ~ N E W ~ Q O L D )  
7 1  bo T O  99 

Y Y  l F L N O O R T  - 3 ) Y 9 9 , 1 0 5 # 1 0 5  
I S U N - 1  * 0 ) 1 0 6  P 1 0 7  e 1117 105 1F 

106 b A K K ( J S A F )  =tPP 
L *** tPP FOR S H A D t  S I U E  (CONSTANT)  

60 TO 9 Y Y  
C *** ACCUMlJLATt  E V P  F U H  SOh SIDE 

107 N B K I T E ( J ~ A T )  = N R d I T t ( J S A T l  +1 

YYY K E I U ~ N  ' 

UHiTE ( J S A T )  = B H I T t ( J S A T )  +EPP 

t N U  

D K 0 5 1 2 5 0  
D K 0 5 1 2 6 0  
O K 0 5 1 2 7 0  
O K 0 5 1 2 8 0  
O K 0 5 1 2 9 0  
D K 0 5 1 3 0 0  
O K 0 5 1 3 1 0  
O K 0 5 1 3 2 0  
O K 0 5 1 3 3 0  
O K 0 5  134 0 
D K 0 5 1 3 5 0  
D K 0 5 1 3 6 0  
O K 0 5 1 3 7 0  
O K 0 5 1 3 8 0  
O K 0 5 1 3 9 0  
O K U 5 1 4 0 0  
O K U 5 1 4 1 0  
O K 0 5 1 4 2 0  
O K 0 5 1 4 3 0  
O K 0 5 1 4 M  
O K 0 5 1 4 5 0  
O K U 5 1 4 6 0  
O K 0 5 1 4 7 0  
O K 0 5 1 4 8 0  

O K 0 5 1 5 0 0  

O K 0 5 1 5 2 0  
O K 0 5 1 5 3 0  
D K 0 5 1 5 @ 0  

O K 0 5 1 5 6 0  
O K 0 5 1 5 7 0  
D K U S 1 5 8 0  
OK051591l 
O K 0 5 1 6 0 0  
O K 0 5 1 6 1 0  
O K 0 5 1 6 2 0  
O K 0 5 1 6 3 0  
D K U 5 1 6 4 0  
D K 0 5 1 6 5 0  
U K 0 5 1 6 6 0  
O K 0 5 1 6 7 0  
O K 0 5 1 6 8 0  
0 K 0 5 1 6 9 0  

D K U 5 1 7 1 0  

0 ~ 0 5 1 4 9 0  

0 ~ 0 5 1 5 1 0  

0 ~ 0 5 1 5 5 n  

0 ~ 0 5 1 7 0 n  

UKOhOOOO 
U K O h U 0 1 0  
O K 0 6 0 0 2 0  
O K 0 6 0 0 3 0  
b K 0 6 0 0 4 0  
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4 /  
c 

OK0601 10 
OK060120 
OK0601 30 
DK060140 
OK 060 150 
DK060 160 
OK060170 
OK060180 
DK060190 

OK060210 
DK060220 
OK060230 
OK060240 
OK060250 
DKO60260 
OK060270 
OK060280 
OK060290 
OK060300 
OK060310 
OK060320 
OK060330 
OK060340 
OK060350 
OK060360 
OK060370 
UK060380 
UK060390 
OK060400 
OK060410 
UKU60420 
OK060430 
OK060440 
OKU60450 
OK060460 
OK060470 
OK060480 
OK060490 
OK060500 
OKu605ln 
OK060520 
UK060530 

UKtJ60550 
OK060560 
UK06U570 
OK060580 

D~060200  

UK 0 hu 54 0 

0 ~ 0 6 0 5 ~  
DK060600 
OK060610 
OK060620 
OK060630 
OK060640 
OK060650 
OK060660 
OK060670 
OK060680 
OK060690 
OK060700 

14 8 
+ 



C A Y Y ( 4 1 = 1 5 . P U E l &  DK 0607 10 
C A Y Y ( 5 1 = 7 . 6 6 t 1 4  D K 0 6 0 7 2 0  
C A Y Y ( h ) = 2 4 3 5 . F 1 4  O K 0 6 0 7 3 0  
C A Y Y ( 7 1 = 1 3 4 5 U * € l Y  DK060740 
L A Y Y ( 8 1 = L U 5 8 . € 1 4  D K 0 6 0 7 5 0  
L A Y Y ( 9 ) = 1 1 4 . 8 € 1 4  O K 0 6 0 7 6 0  
K P P f l 1 = 2 U . Y F b  O K 0 6 0 7 7 0  
kPP(2)=5.702t6 O K 0 6 0 7 8 0  
K P r ( 3 ) = 2 E Y * 3 t 6  D K 0 6 0 7 9 0  
~ P r ( u ) = l ~ I . 8 7 t h  O K 0 6 0 8 0 0  
H P r ( b ) = 8 . 1 5 l t f i  D K 0 6 0 8 1 0  
KPtJ(6)=81.51t6 D K O 6 0 8 2 0  
HfJi-"(7)=1MR.7t6 O K 0 6 0 8 3 0  
H P P ( M ) = H J . ~ F ~  D K 0 6 0 8 4 0  
~ P r ( Y ) = 2 u . 3 4 ~ 6  D K 0 6 0 8 5 0  

C *** t A K T H  A L t r t D O  CHAIVGLU APH. 1966 (WA5=.39) D K 0 6 0 8 6 0  
k K  (1 I Z.35 O K 0 6 0 8 7 0  
K K ( 2 1 = . 0 4 7  O K 0 6 0 8 8 0  
k K  (31z.51 D K 0 6 0 8 9 0  
K H ( 4 ) = . 1 + 8  O K 0 6 0 9 0 0  
hH(51=.058 D K 0 6 0 9 1 0  
kH(b)=.hL DK 0 6092 0 
HR 171 =. 5u O K 0 6 0 9 3 0  
K H ( 8 1 = . 6 6  D K 0 6 0 9 4 0  
HH ( Y  ) = e 7 6  D K 0 6 0 9 5 0  
LO 1 4  J = i # 2 U U  O K 0 6 0 9 6 0  
h C U A 1  ( J l = l  D K 0 6 0 9 7 0  
IbSuBS ( J  ) = I  D K 0 6 0 9 8 0  
& O U T Y ( J ) = l  O K 0 6 0 9 9 0  
l H I C K  ( J ) = . O l  O K 0 6 1 0 0 0  
5 I & O ( J ) = U . O  D K 0 6 1 0 1 0  
L O S O ( J ) = l . O  D K 0 6 1 0 2 0  
S I N L  ( J 1 =U 0 O K 0 6 1 0 3 0  
L O S L ( J I = l . O  DK061040 

14 b A r l M (  J l = Y U  . O  O K 0 6 1 0 5 0  
c K F A U  I N  H E A l f i N b  LNFORMATION O K 0 6 1 0 6 0  

h k M U ( 5 ~ 6 4 1 )  ~ Z H ~ J ~ ~ J ~ 1 t 6 ~ t ~ Y H ~ J ~ ~ J ~ l ~ f i ~ ~ ~ X H ~ J ~ ~ ~ ~ l t 9 ~ ~ ~ W ~ ~ J ~ t J ~ l t l D K O 6 l O 7 O  
1 8 1  O K 0 6 1 ' 0 8 0  

h 4 l  t O K M u T ( 1 5 A 6 )  O K 0 6 1 0 9 0  
L KEAU CUMMFIVT CAHUS D K 0 6 1 1 0 0  

30 K E A U ( 5 e 4 U 5 )  K K t ( L ( J I e J = l t 1 3 )  O K 0 6 1 1 1 0  
Vu5 F O H M w T l I L t 1 3 A 6 )  D K 0 6 1 1 2 0  

l F ( Y - K & ) 3 7 , 3 7 , 3 R  O K 0 6 1 1 3 0  
37 C R 1 T t ( 6 , 4 0 6 )  ( Z ( J 1  rJ=1,13) O K 0 6 1 1 4 0  

4 U 6  I - W M A T  (/1 Xl3H6 1 D K 0 6 1 1 5 0  
bo 10 311 D K 0 6 1 1 6 0  

L K F A O  I N  l A t l L t S  OF M A T E R I A L  PKOPEKTXES O K 0 6 1 1 7 0  
38 LOIUTINUE O K 0 6 1 1 8 0  

SOU K E H C ) ( ~ ~ P ~ U O I  K C O A l  eK5tJtlS O K 0 6 1 1 9 0  
4 U U  l - O K M A T ( 2 1 2 )  O K 0 6 1 2 0 0  

L T H F K t  A k E  K L O A T  C O A T I N G  TABLES# KSUtlS S I I P S T H A I E  T A B L E S  D K 0 6 1 2 1 0  
110 3u1 M z l v K L O A T  D K U 6 1 2 2 0  
L A L L  T A H L E ( E t E ( l v 1 ) t  ,MI  D K 0 6 1 2 3 0  

3 U l  t S u N ( M 1  =tEE (#I, 42) O K 0 6 1 2 4 0  
O K 0 6 1 2 5 0  UO 3U2 M = l r K b U t + S  

L A L L  T A B L t ( S P ( l , I ) , U  M I  D K 0 6 1 2 6 0  
5u2 L A L L  T A H L E ( P u ( l t 1 1 t U  MI O K 0 6 1 2 7 0  
YY H E I U K N  O K 0 6 1 2 8 0  

tNLI O K 0 6 1 2 9 0  
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Y 2  

Y S  
L 

C 
c 

Y b  
Y I  

L 

YY 

1uu 

1u1 
c 

FUK uECn7vn tCK7  
SUbHOIITINE QIF INU(JSAT,T IMD,TB,QN,~A)  
OIiUIENSlON T R A S H ( ~ ~ ) ~ F ~ ~ ~ , ~ ~ ~ E ) , H ~ A ~ ~ Y ~ ~ A ~ G T A B ( ~ ~ ) , W H ~ ~ ~ ~ ~ X H ~ ~ ~ V  

l Y H ( 6 ) , Z H ( 6 ) , t L L ( Y ) , K ~ P ( ~ I ~ R R ( 9 ) , C A Y Y ( 9 ) ~ T I M € ( ? l  
UIMENSION U T ( ~ ~ ~ U O ~ ~ T ~ ~ ~ ~ ~ ~ ~ ~ S I N L ~ ~ ~ ~ ) , C O S L ~ ~ O ~ ~ ~ S I N O ~ ~ O O ~ ~  
1 L 0 5 0 ~ 2 0 0 l ~ T H l C K ~ L O U ~ ~ N C O A T ~ 2 O O ~ ~ N S U R 5 ~ 2 O U ~ ~ C O S H S ~ 2 O O ~ ~ P H I T ~ 2 O O ~ ~  
2GAFiM1200) ,NUUTY(E001 

UIMENSION E S U N ~ ~ ) , E E E ( ~ V ~ ~ ) ~ K O ( ~ , ~ ~ ) ~ ~ P ( ~ ~ ~ ~ ) ~ T Q I N T ~ ~ ~ ~ ~ ~ )  
UIMtNSlON eUFFER(1U) 
COMMON T k A S H , F I H I A U , A N G l A B ~ W H , X H , Y H ~ ~ H ~ E L L , ~ ~ P , R ~ ~ C A Y Y ~ P I ~ ~ I H ~  

LOMMON K P L N E l , N O K I t N ~ K T E M P ~ N U M R U N ~ N S ~ T P ~ N P K I N T ~ K R E V ~ N P 5 0 ~ R E V  
LOMMON A,B,C,AYE,~~~,HP~RN,PEE~EL,~,CAY,~ARL,S,ALP~I~ET~,GAM~* 

LOPiMON SIGMAPCSI~MA#SSIGMA,TSIGMA 
COMMON P ~ I Z 2 ~ O P H 1 2 ~ P H I L ~ D P H I ~ P H I ~ C P H l ~ S P H I ~ P H I N 2 ~ P H O T 2 ~ S U N  
LOPMON T / M E Z , T A R S ~ 1 E L A P S r Z E ~ ~ ~ T I M E , U ~ L T A T , X P ~ Y P ~ D E ~ ~ ~ P S Q ~ J ~ ~ J 2  
COMMON € . ~ T P 4 * E P S l G L * T M , F T M , S A S 2 , ~ R A S h  
LOMMUN G,HHRCP,UHO,CP,EPSLN,LTKtKITEK 
COMMON O N € T , ~ S A T , Q I N T , Q E X T , Q P L A N ~ ~ A L ~ ~ Q S U N , Q O L D ~ ~ N E W ~ T B R E A K  
COPiMON GAM~PHIC,ALI~ALSI,ANGS,CTH€T~fD~FF 

LOPiNON C O S L S ~ ~ I N L S ~ D T ~ T ~ S I N L ~ C O S L ~ 5 I N O , C 0 5 0 , T H I C ~ ~ N C O A T ~ N S U ~ S ~  

LOMMON € ~ ~ I N , ~ E E , K O , S P , T Q I N T , N D U T Y I A N ~ ~ ~ C L , A S C N O O ~ A S N L N G ~ R G T A S C ~  

U I M N S I O N  A A l h ) , A A 1 1 6 ) , ~ ( 6 ) r t l ( 6 )  
COMMON A A ~ A A i ~ P ~ ~ l r I O R U E K ~ I O K U l ~ I E K R ~ ~ ~ T H E T A ~ ~ T M A X ~ E N l ~ E N ~ F A C T ~  

LOPilvlOtu HSUN hALRt HPLAN v NODE 

LOMMON KETCH 
LOPiMON HASUN,HAALHIHAPLN,HATOT 

~ T W U P I , P I ~ H O I N O F I N D ~ N Q O ~ T ~ I F I ~ ~ T ~ N E W S ~ ~  

lALPHA2~HtTA2~GAMMAL~COSA,COSB~C05G~SiNB~PHIMAX 

LOlviMON trUFFEH 

lLOSHS,PHlI t G k M M  

l U E L L l N  

lINHAT+ENHATLtEMAbvUtKUORvOTTEST 

UIMENSION H S L J N ( 2 U O ) ~ H A L ~ ( 2 0 0 ) ~ H P L A N ~ 2 ~ 0 ~ ~ N O U t ~ 2 0 0 ~  

UIMENSION H A ~ ~ ~ N ( ~ O U ) ~ H A A L R ( ~ U O ~ ~ H A P L ~ X ~ ~ O U ~ I H A T O T ~ ~ O O ~  
COi~iMON 2nKEA 
UIMENSIOIY ZAkFA(L0U) 
LOMMON IMTHRu 
UIMliNSIOiV IMlHRUL2UU) 
LOPiMON IMHI 
h=NULJTY(JSAT) 
1 IUZAMOU ( 1  IFnU , PEE) 
l F ( T 1 D )  Y 2 ~ 9 L 1 . 9 5  
11u=1 IO+Ptt 

TA=TI~-A~5(1lME(Jl)-TIM€(J2)) 
K= I 0 INT ( L( 1 P N I 

F l N U  1IME A I  STAKT OF INTtRVAL 

I F  T O l N T ( r l ) = O *  5ET QiNT=U. 
TF T Q I N T ( b 1 )  IS  2.v 4 . ~ 1 . .  liSE THIS AS IFiOEX FOR TESTS 

i F ( K t  Y 6 , Y 6 , 5  
WOLU=O. 0 
WNtW=QULU 

IUK€AK=TLO 
IH=TBREAK 
WN=BNFw 
QA=WOLD 

NO CHANb€ ThIS T I M F  

l F t l M H I  -JSA1)1@1,101,105 
AUVAWE INTEkNAL HEAT IABLE iNOEX AFfFR WWCCSSING L A S T  ELEMENT 
b0 104 J=l,A 

DK070000 
DK070010 
OK070020 
DK070030 
DK070040 
DK070050 
OK 070060 
DK070070 
DK070080 
OK070090 
OK070 1 0 0  
OK070110 
DK070120 
DK 0 7 0  1 3 0  
DK070140 

DK 0 7 0  160 
DK070170 

DK070190 

OK070210 
OK070220 
DK070230 
OK070240 
DK070250 
OK070260 
OK070270 
DK070280 
DKO70290 
OK070300 
OK070310 
OK 07 0 32 0 
DK070330 
DK070340 
OK 0 7 0  3 5 0  
OK070360 

DK070380 
DK070390 
DK070400 
DK07041n 
DK070420 
UK07043O 
OK070440 

DK070460 

UK070480 
DK070490 

DK070510 
DK070520 
DK070530 
DK070540 
DKo7055n 
OK070560 

OK070580 

0~07015n 

0 ~ 0 7 0 1 8 1 ~  

0 ~ 0 7 0 2 0 0  

0 ~ 0 7 0 3 7 ~ 1  

0~07045n 

OK070470 

u~0705on 

OK07057(, 
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1u2 
103 

104 
1US 
5 
b 

7 
c 

?I 
YU 

c 
c 

Y Y l  

8 

1 

DK070590 
O K 0 7 0 6 0 0  
D K 0 7 0 6 1 0  
D K 0 7 0 6 2 0  
U K 0 7 0 6 3 0  
O K 0 7 0 6 4 0  
O K 0 7 0 6 5 0  
O K 0 7 0 6 6 0  
O K 0 7 0 6 7 0  
D K 0 7 0 6 8 0  
O K 0 7 0 6 9 0  
O K 0 7 0 7 0 0  
O K 0 7 0 7 1 0  
O K 0 7 0 7 2 0  
O K 0 7 0 7 3 0  

O K 0 7 0 7 5 0  
O K 0 7 0 7 6 0  

U K 0 7 0 7 8 0  
O K 0 7 0 7 9 0  
O K 0 7 0 4 0 0  

D K 0 7 0 R 2 0  
O K 0 7 0 6 3 0  
O K 0 7 0 8 4 0  
DKOROOOO 
U K U R O O l O  
O K 0 8 0 0 2 0  
O K 0 8 0 0 3 0  
O K 0 8 0 0 4 0  

0 ~ 0 7 0 7 4 0  

0 ~ 0 7 0 7 7 n  

0 ~ 0 7 0 ~ i n  

O K 0 8 0 0 6 0  
O K 0 8 0 0 7 0  
O K 0 8 0 0 8 0  
O K 0 8 0 0 9 0  
OK080100 
O K O R O l l O  
D K U 8 0 1 2 0  

O K 0 8 0 1 4 0  
O K 0 9 0  150 
OK 080 1 6 0  
OK 080 170 
O K 0 8 0 1 8 0  
D K O R U 1 9 0  
U K 0 8 0 2 0 0  
U K U 8 0 2 1 0  
O K O R U 2 2 0  

lJKUR0240 
O K 0 9 0 2 5 0  
OK080 760 
D K U 8 0 2 7 0  
O K 0 8 0 2 8 0  
O K 0 8 0 2 9 0  
OKOROSO0 
O K 0 8 0 3 1 0  
U K O 8 0 3 2 0  
O K 0 8 0 3 3 0  

U K O R O ~ ~ O  

11~080230 

15 1 



C I F  ND I S  NEGATIVEISTART NEW PAGE 
Y N = l  

1 kRATE (6 ,700)  
GO TO 20 

9 0  60 TO ( 1 , 2 , 3 r 4 , 5 ~ 6 ) v N C  

2 l rK lTE  ( 6 ~ 7 0 1 1 )  
7 U l l  F O K M A T ( ~ H ~ P ~ ~ X ~ ~ L H ~ N C I O E N T ~ ~ ~ U / H K - F T * * ~ ) / / )  

WRATE (6 ,701)  
60 TO 20 

3 k H l T E  (6 ,702 )  
60 TO 20 

4 & K I T E  (6 ,7033)  
7U33 F O K M A T ( ~ H ~ , ~ ~ X I ~ L H I N C I D E N T ( R T U / H H - F T * * ~ ) / / )  

wRlTE (6 ,703 )  
60 T O  20 

C KETCH C O M t S  FROM SUBKOUTINE TINPUT. WHEN KETCH =0 P kF HAVE 
c NO AREA INPUI 

5 I F ( K E T C H ) S l , S 2 t 5 1  
51 *R ITE (6153) 
53 F O K M A T ( l H l ~ 2 ~ X , 2 L H l N C I U E N T ~ P T U / H n - F T * * 2 ) ~ 2 7 X l ~ H A ~ S U R ~ f D ~ ~ T U / H R  

60 T O  55 
52 WRlT t  (6 ,541 
54 ~ O H M A T ( l H 1 ~ 2 ~ X ~ 2 2 H ~ N C I D E N T ~ R T U / H K - F T * * 2 ) , 2 3 X 2 ? H ~ U ~ O R U € ~ O l ~ T U / H R  

55 & K l T €  ( 6 , 7 0 5 )  
1 *21 / /  1 

60 T O  20 

61 B H l T E  ( 6 r 6 3 )  
b i F ( K t T C H ) 6 1 v b 2 , 6 l  

UK080340 
OKOR0350 
U K O ~ O J ~  
OKU80370 
DK080380 
OK080390 
uKoRO4On 
UK080410 
OK080420 
OK080430 
OK080440 
UKOR0450 
OK080460 
OK080470 

UKU80490 
OK080500 
OK080510 
OK080520 

/ / ) O K O R O 5 3 O  
OK080540 
0 ~ 0 8 0 5 5 n  

FT*DK080560 
UK080570 
OKOAO58O 
OK080590 
OK080600 
UKOROblO 

62 WHlTE ( 6 9 6 4 )  0 ~ 0 8 0 6 4 n  

1 * 2 ) / / )  0 ~ 0 8 0 6 6 n  

~ ~ 0 8 0 4 8 0  

63 ~ O K M A T ~ l H l ~ 3 ~ X , 2 E H l N C I ~ E N T ~ ~ T ~ l / H K - ~ T ~ ~ 2 ~ ~ ~ 7 X l ~ H A U ~ U R ~ F O ~ ~ T U / H R ~ / / ) U K O 8 O ~ 2 ~  
(SO TO 65 OK080630 

6 4  F O K M A T ~ l H l ~ 3 ~ X ~ 2 L H l N C I U E N T ~ @ T ~ l / H K ~ I - T * * 2 ~ ~ ? 3 X 2 2 H P U S O R B F O ~ ~ l U / H R ~ F T ~ U K U 8 0 b 5 ~  

6 5  k K l T E  (6 ,706 )  OK080670 
b0 TO 2 0  OK0AUh80 

UK08069n 
1F(N-56 )  2 0 v L O ~ l U  OK080700 

c I F  NU CAUSES L l N t  COUNT TO EXCtELf 57, S l A R l  NFW PAGF OK080710 

60 T O  90 UK08U73O 

7 U l  FOKMAT(6h k ' H I S X 4 H T I M t 2 X 1 1 H i t M P t ~ A T U ~ E U X ~ H ~ S O L A K ~ X 7 H Q A L B F U O 3 X 7 H Q P O K 0 8 0 7 5 f l  
UK080760 

7U2 kOrtMAT(6Hl  k'HI5X4Hll~t2XLlHTtMPt~~T~PE) OKOR0770 
tu3 FOHMAT(6n k 'HI5Xr iHl IY€7X6HQ5OLAK3X7H0ALbFUO3X7H~PLPNFT)  UK080780 

/ 0 5  FOKMAT( bH P H I S X 4 H T I M F 7 X 6 ~ 0 S O L A R 3 Y ,  UKOR07Y0 
1 7 H u A L B E O O S X 7 n Q P L n N t T l 5 X 6 H Q S O L A ~ ~ x 7 H Q A l ~ ~ O O 3 X 7 H ~ ~ L ~ N F T ~ X ~ H Q l O T P L  1 DKOROROO 

106 I-OKMAT( trt+ P H I S X 4 H I I C F 2 X l l H T E M P E K A T ~ J U K 0 ~ 0 8 1 0  
~ ~ E ~ X ~ H O S U L A R ~ X ~ H O A L ~ E ~ O J X ~ H Q ~ L A N ~ T ~ ~ X ~ H Q ~ ~ L A ~ ~ X ~ H ~ A L ~ ~ O O ~ X ~ H ~ P L A N ~ ~ K ~ ~ O ~ ~ ~  
21 4X6HQTO T A L  ) UKOR0830 

2 U  hElUKN OK080840 
tNu UKORUR50 

ti IL=IL+ND 

1 u  IL=ILlJ 0 ~ 0 8 0 7 2 n  

7uO kOKMAl (hH1  ~ ' H I ~ X ~ H T I M ~ ~ ~ ~ ~ H T C M P ~ R A T ~ P E  HNU/OR HEAT F I U X 1  D K U R U ~ ~ ~  

~ L A N € T  1 
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L 

6 
Y 

1u 

c 

2 u 1  
2u2 

2u5 
2UR 

C 

26 1 

262 

26AMM(200) 
UIMENSION E S U N ( ~ ) ~ € E E ( ~ ~ ~ ~ ) ~ R O ( ~ V ~ ~ ~ V S P ( ~ ~ ~ ~ ) ~ T Q I ~ T ~ ~ ~ ~ ~ ~  
COMMON THASH,F,HIA1J,ANGTARvWHvXH,YH,~H,ELL,KPP,RR,CAYY,PI,PIH, 

COMMON K P L N E ~ , N O K I E N I K T E M P , N U M R U N ~ N S ~ T P ~ N P K I ~ T ~ K U E V ~ N P ~ O ~ R E V  
COMMON A , H I C , A Y E , B ~ E , R P , R N , P ~ ~ , E L * ~ , L ~ Y , ~ A U L , ~ , A L P ~ , ~ F T ~ V G A M ~ ,  

COMMON S l G M A , C S I t i M A , S S I G M A ~ T S I G M A  
COMMON PHIZ2~DPH12~PHIZ~DPHI~PHI ,CPH1,SPHI ,PHIPHIN2~PHOT2~SUN 
COMMON T I M E Z , T A B S , T E L A P S ~ Z E I T , T I M E ~ D ~ L T A T ~ X P , Y P ~ O E E V O P S Q ~ J ~ ~ J ~  
COwiMON E P T P ~ V E P S I G ~ ~ T M P F T M I S A S ~ P ~ R A S H  
COMMON G~KHRLP,RHOrCP,EPSLN~iTKvKITEk  
LOMMON QNtT,WSAT,QINT,QEXT,QPLANvQAL~,QSUNrQOLD~WN€W~T~REAK 
COMMON GAM,PHIC,ALT,ALTI ,ANG5vCTHET,FD1FF 
COMMON P H I ~ V ~ H I ~ V I S I G ~ F U D G E ~ T ~ , ~ ~ D ~ E ~ T P L , R U ~ ~ E K ~ R V ~ N L I N E  
COMMON C O S L S ~ S I N L S ~ O T ~ T ~ S I N L , C O S L ~ S I N O ~ C O S O r T H I C K ~ ~ C O A T ~ N S U R S ~  

COMMON ESUN,EEE,KOVSP~TQINT,N~UTY,ANINCL,ASCNOD,AS~LN~,RGTASC, 

UIMENSION A A ( 6 ) , A A l ( 6 ) r P ( 6 ) , P l ( 6 )  
COWIMON A A ~ A A l r P , P l ~ I O R D E R ~ I O ~ D l ~ i E K R V R ~ T H € T A ~ D T M A X ~ F N l ~ E N ~ F A C T ~  

LOMMON HSCIN,HALB,HPLAN,NOOE 
UIMkNSION H S ~ N ( ~ U ~ ) V H A L ~ ( ~ ~ O ) , H P L A N ~ ~ ~ O ~ ~ N O O € ( ~ O U )  

I‘HAH=~~~*PI~&O*PIII 
PHIR=PHIH+PHlH 
~PH~H=SIN~PH~H)/LOS(PHIH) 
ATr=(A-C)*TPHIH/t l  
tE=ATAN!AIP)*2.0 
AFIEL) ~ ~ 8 ~ 9  
tE=EE+TWUPI 
sIEuEE=SIN(EE) 
~ELAPS=HN*(E~-C*SINEE/A) 
XP=CO5(Etl*A -C 

1 T W ~ P I ~ P I 1 H 0 ~ N O F I N D ~ N Q O R T ~ I F I K S T ~ N E L S I G  

l A L ~ H A 2 r B E T A 2 r G A M M A Z ~ C O S A ~ C O S ~ ~ C 0 5 G ~ S l N ~ ~ ~ H I M A X  

~ C O ~ K S ~ P H I T P G A M M  

lUECLIN 

~ Y N H A T , E N H P T L , E M A ~ , U ~ H R O R , D T T ~ S T  

FINL) TIME AS A FUNCTION OF PHI.  ALSO FIND X AND Y 

Y P=SINEE*B 

w s o = x P * x p + y r * y p  
F ~ N D  USEFUL QUAhTITIES DEPENDlNG ONLY ON SATELLITE LOCATIONOK090420 

OK090430 
OK090440 uEt=SQKT ( DPSw ) 

F u = I . o - S ~ K T ( ~ . ~ - K P / U P S O * R P )  DK090450 
CTHET=(XP*COSA+YP*COSG)/D€E OK090460 
TPL=TO OK090470 
I F ( K T € W P ) 2 0 8 ~ 2 0 A ~ 2 0 1  UK090480 

T P L = T ~ * S ~ H T ( S Q R T ( ~ . ~ * C T H E T ) )  OK090500 
IF (TPL - I M )  2 0 5 , 2 0 6 ~ 2 0 8  OK090510 
IPL =TM OK090520 
ALII=DEE-KP DK09053n 
CPnI=COS(PHIK) 0~0905411 

D K O ~ O ~ S ~  5PHI=SIN (PH Ih 1 

AF(N0RIEN) 2&1,3,2&l DK090570 
SINLS=SPHI*CSIGMA-CPHl*SSIGMA DK090580 

ANGS=AKCU~(C~HET) DK090600 

1F (NORIEN ) 2&3,2&3,282 DKUq0620 
L F L S = ~ .  0 OK090630 
5FLSZO.O DK090640 
kLsC=CUSLS DK090650 

lF (CTHET)205~205,2U2 0 ~ ~ 9 0 4 9 0  

IF  SATELLIT t  15 OUIENTEO, F lNO Pt-’IC,COSRS,SIN AND COS LAMOA OK090560 

COSLSZ-SPHI*SSIGMA-CPHl*CSIGMA DKu90590 

A L I z 3 4 4 1  .U*ALTI/KP 0 ~ 0 9 0 6 1 ~ 1  

DK090060 
DK090070 
DK090080 
OK090090 
OK090100 
OK090110 
DK090120 
DK090130 
OK090140 
OK090150 
OK090160 
DK090170 
DK09018O 

OK090200 

OK090220 
DK090230 
DK090240 
DK090250 

OK090270 
OK090280 
DK090290 
DK090300 

0 ~ 0 9 0 1 9 0  

0 ~ 0 9 0 1 1 ~  

0 ~ 0 9 0 2 6 0  

OK090310 
~ ~ 0 9 0 3 2 0  
OK090330 
DK090340 
OK 0 90350 
UK090360 
OK090370 
DK090380 
OK090390 
OK090400 
DKO90410 
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263 

2 6 3 1  

2d32 

2 ~ 3 8  

264 

2 6 5  
2&SU 

Ldh 
2 6 6 1  
2062 
267 
3 

Y 6  
Y Y  

FLSS=SINL5 

CFLS=COSL’J 
60 TO 28.51 

SFLS=SINL’J 
kL5C=1.0 
FLSs=O.o 
bo 287 KZlvNSATP 
1FtNORlkN) 2 6 3 2 t 2 8 3 8 ~ 2 8 3 8  
CO’JE=COSLS*COSL(K)-SINLS*SINL(K) 
bAMM(K)=AKCOS(COSE) 
KNuM=COSL(K)*SFLS+~INL(K)*CFLS 
U E ~ Y = ( ( S I ~ ~ ~ * S ~ N L S ) * * ~ ~ C ~ S ~ * * ~ ) * ( C ~ ~ ~ ~ * * % + K N U M * * ~ )  
KNUM=SINL5*Sl~~*KNUM+COs8*COSO~K) 
COSX=RNUM/SQkT(OEN) 
IF(C0SX-1.0) 285,284,284 
PH1T ( K  ) =U - 0  
60 T O  2861 

PHLl (K)=l8O.U 
bO TO 2861 
PHlT(K)=HHCOS(CO5X) 
lF (N0RIEN)  267,287,2862 

CONTINUE 
IAijS=TELAPS-lIMEL+(KV-l.O)*PEF 
I F  (TABS) 9 8 ~ 9 8 , Y Y  

KETUHN 
t N U  

i F ( c o s x + l . o )  2 a 5 u r ~ a 5 n 1 2 8 6  

C O 5 K S ~ K ~ = S I N b ~ ~ C U S L ~ K ~ * F L S C + ’ J I N L ~ K l * k L S S ~ + C O S ~ * C O S O ~ K ~  

1 ABS=TAH’J+PEt 

DK090h60 
DK090670 
OK090680 
OK090690 
DK090700 
DK090710 
OK090720 
OK090730 
OK090740 
DK090750 
DKU90760 
DK 090770 
DKU90780 
DKU90790 
DK090800 
OK090810 
DK09U82n 
OK090830 
OK090840 
OK090850 
OK090860 
DK090R70 
DKU9088O 
0KU90890 
OK090900 
OK090910 
DKU90920 
OK090930 
UK090940 

DKlOOOOO 
OK1 00010 
OK100020 
DK 1 0  0030 

UK100050 
DK100060 
OK100070 
UK100080 
DK 100090 
UK1 O U  1 On 
DK 1 0 0 1  1P 
OKlOUl20 
UKl0013O 
O K 1  00 140 
UK 1 0  0 150 
DK 100160 
OK 100 170 
OK100180 
OK100190 
UK 10020 0 
OK100210 

OK 1 00P30 
DK10U240 
UK10U250 
OK100760 
OK100270 
OK100280 

DKlOOO40 

OK100220 
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d=d5AT 

1 I M E 1  = T I M E ( J 1 )  
DELTAT=TlME(J?)-TIME(Jl) 

hOKD=OTMAX**iOROtK 
CALL H E A l ( J )  

c NEW LOGIC 
lFLAG = 1 
IF(QOLD-GNEW)60,S0,60 

T L t F T = T I M t ( J L ) - T ~ K ~ A ~  

I L t F T = A M V U ( T L E F T , ~ t E )  

6 u  OINT = OVLD 

L **** THE FOLLOWING C A R 0  WAS ADDEU 2/4/65 PT THE RFQUkST OF MRI **** 

b l  

SU 

51 
c 

5L 
53 

1uo 
1 u 1  

1 

b U 1  
3 
3u 

c 

L 
bL 
11 

OK100290 
OK1 0 0 30 0 
DK100310 
DK100320  
OK100330 
OK100340 
DKlOO350 
OK100360 
OK1 0 0 3 7 0  
OK100380 
DK100390 
OK100400 
DK 1 0 0 4 1 0  
DK100420 
OK100430 
DKlOO440 
OK100450 
OK100460 
OK100470 
DK100480 
OK100490 
OK100500 
OK100510 
OK 10 0 5 2  0 
OK100530 
DK 1 0 0 5 4 0  
OK100550 
DK100560 
DK100570 
DK100580 
DK100590 
OK100600 
DK100610 
DK 1 0 0 6 2 0  
DK 1 0 0 6 3 0  
DK100640 
OK100650 
OK100660 
DK100670 
DK100680 
DK100690 
DK100700 
OK10071 0 
OK 1 0  0720  
OK100730 

DK100750 
DK100760 
DK100770 
OK100780 
DK100790 
OK100800 
OK100810 
OK100820 
OK100830 
DK100840 
OK100850 
DK100860 
OK100870 
OK100880 

D K 1 0 0 7 ~ 0  
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t N U  DK 100890  

L 

8 U  

t5Y 

Y U  
1 
2 
J 
4 

5 
b 

7 

L 

L 

H 
Y 
1u 

1 A  
1L 

DK 110060  
DK110070 
DK110080 
DK110090 
OK110100 

D K l l O l 2 0  
DK110130 
OK110140 
DK110 1 5 0  
OK1 I O 1 6 0  
OK110170 
OK11 0180  
DK110190 
DK110200 
DK110210 

D K l 1 0 2 3 0  
DK110240 
OK110250 
D K l 1 0 2 6 0  
OK110270 
OK110280 
OK1 10290  
DK 110300  
DK110310 
DK110320 
DK11033O 
OK110340 
DK11035O 
OK11 0360  
OK 110370  
bK110380  
OK110390 
OK110400 
OK 1 1 0 4 1  0 
OK1 10420  
DK110430 
DK110440 
OK110450 
OK110460 
OK110470 
DK110480 
OK l lOU90  
UK110500 
OK 11051O 
OK110520 
OK110530 
DK 1 1 OS40 
OK110550 
OK110560 

D K 1 1 0 t i o  

DK 11 0220  
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13 
I+ 

Y 7  
L 

C 
Yt) 
Y Y  

1u0 
Y L  

Y33 

L 

1 

OK110570 
OK110580 
OK110590 
OK110600 
OK110610 
OK 110620 
D K l l 0 6 3 0  
OK1 1 0 6 4 0  
DK110650 
OK1 1 0 6 6 0  
OK1 1 0 6 7 0  
DK110680 
OK1 1 0 6 9 0  
OK1 1 0 7 0 0  
OK110710 

OK110730 
OK110740 

0 ~ 1 1 0 7 2 ~ 1  
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C SUN IS IN O R t l I T A L  P L A N E  
2 C A L L  B E T A Y O  

BO T O  Y 9  
C SUN IS NOT I N  O R ~ I T A L  P L A N E  
12 0 2 = C 2 * A  

U l = C l * A * A  
U=C/A 
0 3 1 = C 3 - 0 1  
U T ( l t I ) = C 3 + C 3  
US=D2*O2 
uu=c3-1. u 
A Y = O 3 1 * 0 5 l + D S  
~3~2.O*O*~Dl11~1l*U3l+D5) 
A 2 ~ O ~ D * ~ U T ~ 1 t 1 ~ * ~ U 1 ~ l t l ~ + D 3 l ~ + D S ) - Z . U ~ O ~ l ~ ~ 5 l ~ ~ S  
A 1 = 0 * O T ( 1 ~ 1 ) * ( D * U * L ) T ~ l ~ l ~ - 2 . U * D U )  
A O =  (UCl-D*U*CS) * *L  

L A L L  O U A K T ( A 4 , A J , A 2 ~ A I , A O )  

S S H A l = O  U 
5 S h A 2 = 0 .  U 
J C = l  
00 375 J = l t 4  

C C A L L  H O U l I N E  TO FACTOR O U A n T l C  

3 /  KK=U 

, , l F ( A B S ( V ( J ) ) - . l O U )  3 7 1 , 3 7 5 , 3 7 5  
5 / 1  K C ( J L ) = J  

5 75 LOiuT INUE 
d C = J C + 1  

I F ( J C - 3 )  q 9 t 5 7 6 t 3 8 U  
L T W O  K t A L  K O O T b t P l l T  THEM F I R S T  AluD FECVNL) 
376 K K = 2  

BO 10 3') 

360 IJO 385 K = l t ?  
C FOlJK K ~ A L  R O O i S r  LOOK FOR A R t P t A l F D  KOOT 

KP=K+l  
IJO 384 J = K P t 4  
UI t -=AR5 ( U  (J  )-U ( K  J ) -. 0 0 1  
lF(OIF) 581~3F14t384 

L PUT K ~ P E N T E D  HUOTS TOGETHFHt  F l P 5 T  OK L A S T  P A I K  
C T O  A V O I D  1 K O U B L E  IiU G E l T l N b  C O K R t S P O l u D l N b  Y 
561 P G 3 - K  

K U U W  ( N )  
LHwSH=V ( IV 
~ ( I V )  =\I( J )  
\r ( I\ 1 = V  ( J ) 
b ( d  )=HUH 
L ( J ) = C K A S W  
B O  TV 3Hb 

564 LOIUTINUE 
565 L O k l l N U E  
Jmi uu=4 

5 Y  J= l  
3 Y 0 7  K Z K C ( J J  
41 C A L L  W Y E ( U ( l l r K t Y 1 t ~ l t l u l . ' )  
4 1 U  S 5 = P 1 - S I b M A  

C FIN0 V A L U t 5  OF Y C O R R t W O h D l N b  TO F A C h  H E A L  X 

L IS PHI A SIJP€HFLUOUS kOUT 
I F ( C O S ( S 5 J )  4 2 t 6 u r o U  

4L I F ( K K )  4 5 ~ 4 3 ~ 4 4  

43 55l iAl=bS 
L FIRST S U N - S H A W  CHANGE P O I N T  

D K 1 2 0 4 0 0  
D K 1 2 0 4 1 0  
D K  1 2 0 4 2 0  
O K 1 2 0 4 3 0  

D K 1 2 0 4 5 0  
O K 1 2 0 4 6 0  
D K 1 2 0 4 7 0  
O K 1 2 0 4 8 0  
O K 1 2 0 4 9 0  
O K 1 2 0 5 0 0  

O K 1 2 0 5 2 0  
O K 1 2 0 5 3 0  
O K 1 2 0 5 4 0  

O K 1 2 0 5 6 0  
O K 1 2 0 5 7 0  
O K 1 2 0 5 8 0  
D K 1 2 0 5 9 0  
O K 1 2 0 6 0 0  
U K 1 2 0 6 1 0  
O K 1 2 0 6 2 0  
O K 1 2 0 6 3 0  
U K 1 2 U 6 4 0  
D K 1 2 0 6 5 0  
O K 1 2 0 6 6 0  
O K 1 2 0 6 7 0  
U K 1 2 0 h 6 0  
u K 1 2 u 6 9 0  
OK 12 0 7 0  0 
O K 1 2 0 7 1 0  

O K 1 2 0 7 3 0  
U K 1 2 0 7 4 0  
U K 1 2 0 7 5 0  

D K 1 2 0 7 7 0  
O K 1 2 0 7 8 0  
O K 1 2 0 7 9 0  
D K 1 3 0 R O 0  
U K l ? O R l O  
U K 1 2 0 R 2 0  

UK 1 2 0 8 4 0  
U K 1 2 0 8 5 0  
D K 1 2 U A 6 0  
U K 1 2 0 A 7 0  
O K 1 2 0 R 8 0  

O K 1 2 0 4 4 n  

0~12051n 

0~12055n  

U K 1 2 0 7 2 0  

U K I ? O ~ ~ ~  

O K ~ ~ O A ~ O  

~ ~ 1 2 0 ~ ~ 0  
O K 1 2 0 9 0 0  
O K 1 2 0 9 1 0  
OK 12 092 0 
O K 1 2 0 9 3 0  
O K 1 2 0 9 4 0  
u K 1 3 0 9 5 1 1  
U K 1 2 0 9 6 0  
D K 1 2 0 9 7 0  
O K 1 2 0 9 8 0  
0~120990 
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C 
44 

45 

C 
6U 
bl 

7u 

YY 

2u5 

2 5 0  

Y U  

Y Y  

P H i l = P l  
XSl=U(K)*A 
’1 Sl=Y l * A  
KRZ1 
GO TO 6 0  

5SHA2=SS 
P H l 2 Z P l  
XSE=U(K)*A 
YSd=Y l * A  
K R Z  
GO TO 99 

l F ( N P )  7U,70,61 
NP=o 
J=J+1 
P l = - P l  
Y 1z-y  1 
00 TO 4 1 0  
J=J+1 
I F I J - K K )  3 9 0 7 ~ 3 9 U 7 ~ 9 9  
hElUHN 
t N U  

SECOND SUI\-SHAOt CHANGE POINT 

iF X IS A HEPEATkD ROO7 USE + AND - Y VALLIES 

FOR OECKl3rUECKlJ 
SUtrKOIiTINk SUNOH(SL,CLISO~CO,SB*L~,CU,G~*N~) 
Lo5LP=so*cL 
s INLP=so*5L 
l F ( N O )  25Oe9Yv205 
bMZAKCOSLCOSLPJ 
b O  TO YO 
LDZCUSLP 
CO5LP=SB*CD-CR*CO 
CO=CO*SR+Ci3*CD 
cL=cUsLP 
SLZSLNLP 
RE I UHN 
t N U  

DK 121 00 0 
OK1210 1 0  
OK121020 
OK121030 
OK121040 
DK121050 
OK121060 

OK121080 
OK121090 
OK121 1 0 0  
DK 121 110  
DK121120 
OK121 1 3 0  
DK121140 
OK 1% 1 1 5 0  
DK121160 

OK121180 
OK121190 
OK 1 2  1 2 0  0 
OK121210 
OK121220 

0 ~ 1 2 1 0 7 0  

0 ~ 1 2 i i 7 n  

DK130000 
OK130010 
OK130020 
0~130031-1 
o ~ i 3 0 0 4 n  

~ ~ 1 3 0 0 6 ~ 1  

0 ~ 1 3 0 0 9 0  
11~130inn 

OK 1 3 0  0 5 0  

DK130070 
DK130080 

UK 130  1 1 0  
OK130120 
DK130130 

UK140fl00 
0 ~ 1 4 0  o i n 
OKI~OWO 
~ ~ 1 4 0 0 3 ~  
DK140040 
L)K140050 
OK140060 
OK140070 
DK14U080 

DK140100 
UK 1 4 0  1 i n  
OK140120 
DK 1 4 0 1  30  
DK14014fl  

DK140160 
OK140170 
OK140180 

O K ~ ~ U O ~ O  

~ ~ 1 4 0 1 5 0  



1 

2 
3 

4 
1u 
11 

YY 
2 U  

21 

2c 
25 
24 

25 

20 

2 Y  

3 U  

4 U  

DK 14 0 190 
OK140200 
0 ~ 1 4 0 2 1 0  
0 ~ ~ 4 0 2 2 0  
OK140230 
OK140240 
OK140250 
UK140260 
~ ~ 1 4 0 2 7 n  
0 ~ 1 4 0 2 8 n  
0 ~ 1 4 0 2 9 0  
OK140300 
OK140310 
DK140320 
OK140330 
OK140340 

UK14U360 
DK140370 
OK140380 
UK14039fl 
OK140400 

0K140420 
DK140430 
GK140440 
OK14OU50 
UK140460 
UK140470 
UK140Y80 
OK140490 
OK140500 
DK14051fl 

DKl40530 
UK 14 0 54 0 
OK140550 

0~14035t-1 

UY 14041 n 

0 ~ 1 4 0 5 2 ~ 1  

~ ~ 1 4 0 5 6 0  
0 ~ 1 4 0 5 7 0  
0~140580 
iIK140590 
OK140hOfl 
OK140610 
UK140620 
OK140630 

DK140650 
OK140660 
UK140670 
OK14U680 
OK140690 

DKl4U710 

UK140730 

OK140750 
OK140760 

~ ~ 1 4 0 6 4 ~ 1  

0 ~ 1 4 0 7 0 0  

0 ~ 1 4 0 7 z n  

~ ~ 1 4 0 7 ~ 0  



SU 

2 

c 
3 

L 
4 

1u 
11 

1 5  

l o  
EU 

2 1  

YU 

YS 

DK 1 5 0 0 0 0  
OK 1 5 0  0 10 
DK150020 
OK150030 
DK150040 
OK150050 
DK150060 
OK150070 
OK150080 
OK150090 
OK150100 
OK1501 1 0  
DK150120 
DK150130 
DK150140 
OK150 150 
DK 150 160 
OK150 170 
DK 1 5 0  1 80  
DK 1 5 0  1 9 0  
OK150200 
OK15021 0 
DK150220 
OK150230 
OK150240 
OK150250 
OK150260 
DK150270 
DK150280 
OK150290 
DK150300 
OK150 31 0 
DK150320 
OK150330 
DK150340 
OK150350 
OK150360 
DK 1 5 0 3 7 0  
OK150380 
OK 1 5 0 3 9 0  
OK150400 
OK150410 
DK150420 
OK150430 

OK150450 
DK150460 
DK150470 
OK150480 
OK150490 
DK 1 5 0 5 0  0 
DK150510 
DK150520 

0 ~ 1 5 0 4 4 n  

1 A )  **2 OK150540 
lSnAUE=(A/BEt)**L*ISHADE-1.0 OK150550 
i F ~ A M S ( T S H A U t ) - + U O l )  9 5 , 9 5 0 9 0  OK150560 
1-’1=51GIVIA OK150570 
bo TO 96 DK150580 
t ‘ l=PHI DK150590 
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DK150600 
OK150610 
DK150620 

DK160000 
OK160010 
OK160020 
DK160030 

DK160050 
DK160060 
OK160070 
DK160080 
DK160090 
OK160100 
DK160110 
DK160120 
OK160130 

DK160150 
OK160160 
OK160170 
DK160180 
DK160 190 
DK160200 
OK160210 
DK160220 

OK160240 
OK160250 
DK160260 

DK16U280 

UK160300 
DKlh0310 

D K I ~ O ~ ~ O  

0 ~ 1 6 0 1 4 ~ 1  

0 ~ 1 6 0 2 3 0  

0 ~ 1 6 0 2 7 ~ 1  

0 ~ r 6 0 2 9 0  

~ ~ i 6 0 5 2 n  
0 ~ i 6 0 3 3 0  
0 ~ i 6 0 3 4 n  

OK 16 o 36 n 
OK160350 

OK160370 
OK160380 
OK160390 
DK16040n 

DK160420 
o ~ i 6 0 4 i n  

D K ~ ~ O U ~ O  
~ ~ 1 6 0 4 4 ~ 1  
~ ~ i 6 0 4 5 n  

0 ~ 1 6 u 4 8 n  

OK160460 
OK160470 

OK160490 
OK160500 
OK160510 
UKlhUS20 
DKl6OS30 
OK160540 
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DK160550 
OK160560 
DK160570 
DK160580 

OK160600 
OK160610 
OK160620 
DK160630 
OK160640 
OK160650 
OK160660 
OK160670 
OK160680 
OK160690 
UKl607OO 

OK160590 

0 ~ 1 6 0 7 1 0  
0 ~ 1 6 0 7 2 n  
UK160730 
OK160740 
D K l 6 0 7 5 0  
OK160760 
OK160770 
OK160780 
OK160790 
OK160800 
UK 1 6 0 8  10 
OK160820 
UK16083fl  

DK160850 
OK160860 
U K l 6 0 8 7 0  
UKl6U880 
OK160890 
UK16090n 
OK16OQ10 
UK16OQ20 
DK16093n 
UK160940 
OK160950 
~ ~ 1 6 0 9 6 0  
UK 160970  
U K l h 0 9 8 n  
U K l 6 0 9 9 0  
u K  161000  
U K i 6 1 0 1 0  
UK 161020  
0 ~ 1 6 1 0 3 0  
0 ~ 1 6 i n 4 0  
~ ~ 1 6 1 ~ 1 5 0  

OK 161080  

0 ~ 1 6 0 8 4 n  

OK161060 
U K l 6 1 0 7 0  

OK161090 
U K l h l l  on 
UK161110 
OK161120 
U K l B l 1 3 O  
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UK170000 
SUBROUTINE I ~TERP( ) - 'HOP~TEMP,JX,ANS)  UK170010 

PKOI' I S  F E E ( E ~ S I L O N ) r R O ( R H O ) r  OK SP(SI'JEC. H E A l )  UK17UO20 
TEW I S  TEMPEkATURE OF LL tMtNT UK170030 

J X  I5 INDEX I N U I C A I I N G  WHICH COAIING TAMLF TO UqL-OR SURSTHATFDK1700u0 

I J I M E ~ v S I O N  PRUP(Rr4L)  UK170060 
00 16 I = l r 4 2 1 ?  DK170070 

I iF~TEMP~PHOP~JXri~lllrl3rl2 UK170080 

L lF~TEMP-PHOP(JX~I+L))15~14rl6 UK170100 
UK17011(1 J ANS=PROP(JXrL+l) 

* AN5=PROP(JXri+3) UK170130 

J A N 5 ~ ~ R O P ~ J X ~ l + 1 ~ + ~ ~ P H O P ( J X , I + 3 ~ - ~ ~ O P ~ J X ~ i + l ~ ~ ~  

FOR OECK17rOELK17 

AN5 IS  FPSILONr HHOr OK CP - RLSPECTIV€Ly 1 ~ ~ 1 7 0 n 5 n  

1 IFlltM~-)-'HOPIJXrl+~))lbr14~1~ u ~ i 7 o n 9 n  

DK 1 7 0 1 2 0  K E l U H N  

NE I UHN 

l(TtMP-I'HOI'(JXrI)J)/(PHOP(JX,1+2)-P~O~(JXrI)) 
HE I UHN 

hEl  UHN 
tNU 

.I LONTINU€ 

f U k  UECKIBrUkLKlR 
5UbROUTINt AKHOUI(ArLSrNSATP) 
IJII~ICFISION A ( L O O )  

1 L O  20 J = l , L R  
14=ll)*J-Y 
I\F=MLNO ( 14+9 r NSA I P J 

I- OKMAT ( 1CXl4rPXlUF 10.2 1 

t N L J  

J IhlHlTE (br705)14t(A1K)rK=I4rN~) 
)5 

Y 3  kElUKN 

OK 1 7 0 1 4 0  
UK17U15n 
UK170160 

UK170180 
OK170 190  

u ~ i 7 0 1 7 n  

11~1702on  

UK 180  000  

UKlAU020 

UKlRUO40 
UK lR0050  
UKlR0060 
UK180070 
UKlROnBO 

U K I ~ O O  i n  

u ~ i e o n 3 n  

u ~ i w n 9 n  

L i K l Y O 0 0 f l  
u ~ i 9 o n i n  
u ~ i 9 o n ~ n  
UK 190 0 30 
UK190040 
UKl9UO50 
UKlY00b0 

UK19U080 
UK191)OYO 

u ~ i 9 u n 7 n  
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OK200120 
DK200130 
UK200140 
DK200150 
DK200160 

DK210000 
DK21U010 
DK210020 
OK210030 

OK210050 

DK210070 
DK210080 

UK21U100 
D K Z l O l l n  
OK210120 
UK2 10 130 

DK210150 
OK2 10 16fl  
DK210170 
OK210180 
L ) K ~ I O ~ B ~  
OK210200 
OK21 0230 
OK210220 
DK210230 
UK21024n 
UK210250 
OK210760 
UK210270 
OK210380 
UKZlU290 
uKL1030n 
UK21U310 
UK21U320 
DKL10330 
OK210340 
UK210350 
UK2 10 360 

OK210380 
UK21U390 
OK21 0400 
DK210410 
UK210420 

UK210040 

0~2101-160 

0 ~ 2 i o n 9 0  

DKZIO~QO 

0 ~ 2 1 0 3 7 n  

UK220000 
UK220010 

OK220030 
UK22UO40 

0 ~ 2 2 0 n 2 0  
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OK220080 
OK220090 
OK220100 
OK2201 10 
OK220120 
OK220 130 
OK220140 
OK220150 
DK220160 
DK220170 
OK220 160 
OK220190 
OK220200 
OK220210 
DK220220 
UK220230 
OK220240 
DK220250 
OK220260 
UK220270 
OK220280 
UK220290 
UK220300 
DK220310 

0 ~ 2 3 u n a n  
UK230010 
OK230020 
OK230030 
OK230040 

0 ~ 2 3 0 0 7 n  
0 ~ 2 3 0 0 a n  
OK230090 
UK230100 
UK230 110 
UK230 120 
UK230130 
OK230140 
UK230150 
UK230160 
UK230170 

OK230190 
UKL30200 

DK 23 i) 22fl 
OK230230 

OK230250 
OK230760 

UK230280 
OK230290 
OK230300 

UK230180 

L~KL30210 

OK230240 

U K ~ ~ U ~ I  

0 ~ 2 3 0 3 1 0  
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D K 2 4 0 0 6 0  
O K 2 4 0  070 
O K 2 4 0 0 8 0  
D K 2 4 0 0 9 0  
O K 2 4 0 1 0 0  
O K 2 4 0  11 0 
O K 2 4 0  120 
O K 2 4 0  130 
O K 2 4 0 1 4 0  

OK2401617 
O K 2 4 0 1 7 0  
O K 2 4 0 1 8 0  
D K 2 4 0  1917 
O K 2 4 0 2 0 0  

D K 2 4 0 2 2 0  
O K 2 4 0 2 3 0  
O K 2 4 0 2 4 0  
O K 2 4 0 2 5 0  
O K 2 4 0 2 6 0  
O K 2 4 0 2 7 0  

O K 2 4 0 2 9 0  
O K 2 4 0 3 0 0  
O K 2 4 0 3 1 0  
D K 2 4 0 3 2 0  
O K 2 4 0 3 3 0  

O K 2 4 0 3 5 0  
D K 2 4 0 3 6 0  

0 ~ 2 4 0 1 5 0  

0 ~ 2 4 0 2 1 0  

0 ~ 2 4 0 2 8 0  

0 ~ 2 4 0 3 0 0  

O K 2 5 0 0 0 0  
U K 2 5 0 0 1 0  
D K 2 5 0 0 2 0  
O K 2 5 0 0 3 0  
OK25004CI  

P O K 2 5 0 0 5 0  
O K 2 5 0 0 6 0  
O K 2 5 0 0 7 0  
O K 2 5 0 6 8 0  
O K 2 5 0 0 9 0  
O K 2 5 0 1 0 0  

O K 2 5 0 1 2 0  
D K L 5 0 1 3 0  
D K 2 5 0 1 4 0  
O K 2 5 0 1  50 

COMMON T I M E 7 ~ T A E ~ ~ l t L A P S ~ Z E I I ~ T I ~ ~ E , D t L T A I ~ X ~ ~ Y ~ ~ O E ~ ~ O P S Q ~ J l ~ J 2  O K 2 5 0 1 6 0  
LOt~iVlON € P l  P ~ , E I J S ~ ~ C I T M , F T M I S A S ~  P S R A S h  O K 2 5 0  170 
LOI~MON G , H H H L P , R H O ~ C P ~ t P S L N , I I K , K I T E H  O K 2 5 0 1 8 0  
LOWMON Q N t T , W S A T , Q l N T I O E X T , Q P L A N , Q A L U , Q S U N , Q O L U * ~ N ~ W , T ~ R E A K  O K 2 5 0 1 9 0  
LOMMON G A M , P H I C , A L l , A L T I , A N ~ ~ , C T H E l , t U , F t  O K 2 5 0 2 0 0  

O K 2 5 0 1 1 0  
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JGT 

O K 2 5 0 2 1 0  
O K 2 5 0 2 2 0  
O K 2 5 0 2 3 0  
D K 2 5 0 2 4 0  
D K 2 5 0 2 5 0  
O K 2 5 0 2 6 0  
D K 2 5 0 2 7 n  
O K 2 5 0 2 8 0  
O K 2 5 0 2 9 0  
O K 2 5 0 3 0 0  
O K 2 5 0 3 1 0  
D K 2 5 0 3 2 0  
D K 2 5 0 3 3 0  
O K 2 5 0 3 4 0  

O K 2 5 0 3 6 0  
D K 2 5 0 3 7 0  
D K 2 5 0 3 8 0  

0 ~ 2 5 0 3 5 n  

O K 2 6 0 0 6 6  

O K 2 6 0 0 8 0  
O K 2 6 0 0 8 5  
D K 2 6 0 0 9 0  

D K 2 6 0  110 
OK260 120 
O K 2 6 0 1 3 0  
V U 2 6 0 1 4 0  
O K 2 6 0 1 5 0  
O K 2 6 0  160 
D K 2 6 0 1 7 0  
D K 2 6 0 1 8 n  
O K 2 6 0 1 9 0  
O K 2 6 0 2 0 0  
O K 2 6 0 2 1 0  
D K 2 6 0 2 2 0  
D K 2 6 0 2 3 0  

0 ~ 2 6 0 0 7 0  

O K 2 6 0  l o o  

0 ~ 2 6 0 2 4 0  
OK 260250 
O K 2 6 0 2 6 0  
D K 2 6 0 2 7 0  
D K 2 6 0 2 8 0  
DK260291-1 
O K 2 6 0 3 0 0  

D K 2 6 0 3 2 0  
O K 2 6 0 3 3 0  
O K 2 6 0 3 4 0  
O K 2 6 0 3 5 0  
D K 2 6 0 3 6 0  
D K 2 6 0 3 7 0  
O K 2 6 0 3 8 0  

0 ~ 2 6 0 3 1 0  

16 8 



1u 
7 
11 

13 
1L 
14 

13 

I d  

2 U  

2L  

23 
2 U  

2 1  
Y Y  
l U U  
YO 

YYP 
YYY 

L 
hl 

hC 

h S  
L 
L 

OK260390 
DK260400 
DK260U 10 

DK260430 
DK260440 
DK26045n 
EK260Q60 
DK260470 
OK260480 
OK260490 
OK260500 
DK26051fl 

0 ~ 2 6 0 4 2 0  

OK260520 
0~260531-1 

0 ~ 2 6 0 5 5 ~ 1  
DK260540 

OK260560 
OK260570 
OK260580 
OK260590 
OK260600 
UK260610 
0 ~ 2 6 0 6 2 0  
0 ~ 2 6 0 6 3 n  
0 ~ ~ 6 0 6 4 n  
UK260650 
UK26066P 
OK260670 
OK26068n 
DK2hOh90 
~ ~ 2 6 0 7 0 0  
UK260710 
UK26 072 0 
UK260730 
OK26U740 
OK260750 
0 ~ 2 6 0 7 6 n  
UK260770 
OK2fiO78P 
~ ~ 2 6 0 7 9 0  
U K L ~ O R O ~  

0 ~ 2 7 0 ~ 0  
~ ~ 2 7 o o i n  
OK270020 
0 ~ 2 7 u o 3 n  
DK27004n 
0 ~ 2 7 o n 5 n  
UKL70060 
0 ~ 2 7 0 0 7 n  
OK270nan 
UK270090 
OK27010n 
0 ~ 2 7 o i i n  
OK27012fl 
u ~ 2 7 u i 3 n  
UKL701&n 
0 ~ 2 7 0 1 5 0  
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64 
YY 

65 

t 

L I H t  
c 

1u 

i o 0  
b 0 U  
5 0 U  

12 

1.3 

11 

7 0  

75 

1 4  

HU 

fl3 

HU 

O K 2 7 0 1 6 0  

D K 2 7 0  180 
O K L 7 0 1 9 n  

U K 2 7 0 2 1 0  
O K 2 7 0 2 2 0  

0~270170 

0 ~ 2 7 0 2 0 0  

O K 2 R U 0 0 0  
O K L A U 0 1 0  
OK 280 02 0 

D K L R U 0 4 0  
U K 2 8 0 0 5 O  
D K Z A 0 0 6 0  
U K L 8 0 0 7 0  
U K L 8 U 0 8 0  
O K 2 8 0 0 9 0  
UK2RO 1 0 0  
U K 2 R O l l f l  
U K 2 8 0 1 2 0  
U K Z R O l 3 0  
OK2AU 1 4 0  

O K L R O l h O  
O K 2 8 0 1 7 0  
U K 2  AI) 180 
U K 2 8 0 1 9 n  
O K 2 8 0 2 0 0  
D K E A U 2 1 0  
O K 2 8 0 2 2 0  
D K 2 R 0 2 3 0  
D K L R 0 2 4 0  
U K 2 A 0 2 5 0  
O K 2 8 0 2 b l l  
D K L R U 7 7 0  
~ ~ 2 8 0 2 8 0  
UKZAU29O 
O K 2 8 0 3 0 0  
UKLR0.310  
U K 2 P U 3 2 0  
U K L A 0 3 3 0  
U K Z R U 3 4 f l  
O K 2 8 0 3 5 0  
U K Z R O ~ ~ ~  
L IK28037 f l  
O K 2 8 0 3 8 0  
u ~ ~ R 0 3 9 0  
U K 2 8 0 4 U P  
UKZf lU410  
u K 2 8 u 4 2 n  
O K 2 8 0 4 3 0  
O K 2 8 0 4 4 0  
O K L R U 4 5 0  
UK.280460  
U K 2 8 0 U 7 f l  

O K 2 8 0 4 9 0  
UK28050fl  

-0~28003n  

D K ~ A U  150 

u K a w u 8 n  
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9 5  

Y b  

9 7  
YU 

91 

16 

1 7  
KT~2)~-Xl1)+X~2~*1,7320508075688i7UO 
KT(3)=-X(l)-X(2)*1,732U508075688/7UO 

1YY UO 2 0 0  L = r t 3  
LOU kT(L )=HT(L ) -L (2 ) /3 .OOO 

10 KEIUKN 
t N U  

DK280510 
OK280520 

OK280540 

DK280560 
OK280570 
OK280580 
DK280590 
OK280600 
OK280610 
OK280620 
UK2RUh30 
OK280640 
UK280650 
OK280660 
UK280670 

OK280690 
OK280700 

0~2805311 

0 ~ 2 a a 5 5 n  

U K ~ R O ~ ~  

17 1 



UK2903RO 
UK29U390 

0.K 29  0 4 1 0 
UK290420 

LlK290440 
OK290450 
UK290460 
UKL9U470 

DK290490 

OK290400 

OK290430 

0 ~ 2 9 0 4 8 n  

OK290500 
~ ~ p w 5 i n  

U K L ~ O ~ ~ ~ I  

DKL9052fl 
OK290530 

OK290550 
UK290560 
UK290570 
OK290580 
UK290590 
UK29U600 
OK290610 
bK290620 
UK290630 
UK290640 
OK29Uh50 
UK29U660 
OK290670 
UK290680 

b K 2 9 ~ 7 0 0  
UK29U710 
UK29U720 

UK290h9n 

1 ~ ~ 2 9 0 7 3 0  
~ ~ 2 9 0 7 4 0  

0 ~ 2 9 0 7 6 0  
IJK290750 

bK29U770 
U ~ 2 9 U 7 8 0  
UKL90790 
OK290800 
UKL90R10 
DK290R20 
OK290830 
UK29084fl 

UK290A60 
UK290A70 
UKL90R80 

UK290900 

UK29U920 

UK29U940 
UKZ90950 
OK290960 
UK290970 

~ ~ ~ 2 9 0 8 5 n  

OK 2 9 0 ~ 9  n 

OK29091n 

UK290930 
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O K 2 9 0 9 8 0  
O K 2 9 0 9 9 0  

O K 2 9 1 0 1 0  
O K 2 9 1 0 2 0  
O K 2 9 1 0 3 0  
D K 2 9 1 0 4 0  
0 ~ 2 9 1 0 5 0  
O K 2 9 1 0 6 0  
O K 2 9 1 0 7 0  
0 ~ 2 9 1 0 8 0  
O K 2 9 1 0 9 0  
O K 2 9 1 1 0 0  
O K 2 9 1 1 1 0  
D K 2 9 1 1 2 0  
O K 2 9 1  1 3 0  
U K 2 9 1 1 4 0  
O K 2 9 1 1 5 0  
D K 2 9 1 1 6 0  
O K 2 9 1 1 7 0  
O K 2 9 1 1 8 0  
D K 2 9 1 1 9 0  
D K 2 9 1 2 0 0  
O K 2 9 1 2 1 0  
O K 2 9 1 2 2 0  
D K 2 9 1 2 3 0  

O K 2 9 1 2 5 0  
O K 2 9 1 2 6 0  
O K 2 9 1 2 7 0  

DK 2 9 1 2 9 0  

0 ~ 2 9 1 0 0 0  

O K 2 9 1 2 4 0  

O K 2 9 1 2 8 0  

O K 2 9 1 3 0 0  
O K 2 9 1 3 1 0  
U K 2 9 1 3 2 0  
0 ~ 2 9 1 3 3 0  
O K 2 9 1 3 4 0  
U K 2 9 1 3 5 0  
O K 2 9 1 3 6 0  
O K 2 9 1 3 7 0  
D K 2 9 1 3 8 0  
O K 2 9 1 3 9 0  
D K 2 9 1 4 0 0  
O K 2 9 1 4 1 0  

O K 3 0 0 0 0 0  
~ ~ 3 0 0 0 1  n 
0~3110020 

tPS ILON O K 3 0 0 0 3 0  
O K 3 0 0 0 4 0  
D K 3 0 0 0 5 0  
O K 3 0 0 0 6 0  

O K 3 0 0 0 8 0  
U K 3 0 0 0 9 0  
O K 3 0 0 1 0 0  
O K 3 0 0 1 1 0  
UK300120 
O K 3 0 0 1 3 0  

u ~ ~ n o n 7 n  
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113 
114 

115 

116 

117 

118 

1 1 Y  

1 L O  

1L1 
1L2 

L U l  
2u2 
L U . 3  
2 U 4  
2 1 ~ 6  

I 

l F ( K L - 4 2 ) 1 1 4 ~ 1 1 R , 1 2 1  
K l = K  1+6 
h L = K l + S  
GO T O  110 
U A I A ( M , 4 C ) = D M T A ( M , K L - 4 )  
h K = K L - 3  
GO TO l l M  
U A  I A ( M , 4 2 ) = D A T A ( P l r K L - 2 )  
I \ IK=KL-1 
GO TO 1 l B  
U A I A ( M , 4 ~ 1 = n A T A ( M , ~ L )  
N K = K L + l  
L 1 A l A ( M , 4 1 ) = 1 U 0 0 0 . 0  
l F ( M X ) 1 2 1 ~ 1 1 9 ~ 1 2 U  
& H I T €  ( 6 ~ 2 0 2 ) M v C 3 D t l ~ C O D E 2  
bo ?O 122 
w H l T E  ( 6 , ? 0 3 ) Y , C 0 U t l , C O U E 2  
60 1 0  122 
h H l T t  ( 6 , 2 0 4 )  
LOiv l  INUE 
W H l T t  ( 6 , 2 0 h ) ( D A I A ( M , J ) , J = l ~ l ~ K )  
HETUHN 
t O K M A T ( h t l 2 . 8 , A h , A L )  
~ O K H A T ( 2 U H O S U R S T K A I E  M A T E R I A L  1 2 ~ 4 h  l q  A b v A 2 )  
+ O K M A T ( ~ ~ H O C U A T I N G  M A T t H I A L  I2,4H 15 A 6 v A 2 )  
k O K M A T ( 2 U H  EhROR IN I N P U T  D A I A )  
k O K M A T ( l P b E l b . 7 )  
t N u  

FOH U E C K 3 1 t O E L K 3 1  
SUUK Ot IT I IN t MA I N2 

O K 3 0 0 1 4 0  
U K 3 0 0  1 5 0  
D K 3 0 0 1 6 0  
D K 3 0 0 1 7 0  
D Y 3 0 0 1 8 0  
D K 3 0 0 1 9 0  
D K 3 0 0 2 0 0  
O K 3 0 0 2 1 0  
O K 3 0 0 2 2 0  
D K 3 0 0 2 3 0  

D K 3 0 0 2 5 0  
O K 3 0 0 2 6 0  
D K 3 0 0 2 7 0  
D K 3 0 0 2 8 0  
0 K 3 0 0 2 9 0  
D K 3 0 0 3 0 0  
O K 3 0 0 3 1 0  
O K 3 0 0 3 2 0  
O K 3 0 0 3 3 0  
D K 3 0 0 3 4 0  
D K 3 0 0 3 5 0  
D K 3 9 0 3 6 0  
U K 3 0 0 3 7 0  
O K 3 0 0 3 8 0  
U K 3 0 0 3 9 0  
D K 3 0 0 4 O O  
U K 3 0 0 4 1 0  

~ ~ 3 0 0 2 4 n  

DK 3 1 0 0 0 0  
U K 3 1 0 0 1 0  
0 ~ 3 i o r 1 2 0  
~ ~ 3 1 0 0 3 n  

U K ~  10050 

U K ~ ~ O O ~ O  

UK~IOIO~ 
0 ~ 3 1 0 1  i n  
~ ~ 3 1 0 1 2 0  

D K 3 1 0 0 4 0  

O K 3 1 0 0 6 0  
U K 3 1 0 0 7 0  

O K 3 1 0 0 9 0  

DK 3 1013n 
U K 3 1 0 1 4 0  
D K 3 1 0 1 5 0  
U K ~ I  o 160 
UKJ i o  170 

D Y 3 1 0 1 9 0  

0 ~ 3 1  02 i n  

~ ~ 3 1 0 2 3 n  
~ ~ 3 1 0 2 4 n  
OK 3 10250 

U K 3 1 0  180 

UK31OPOO 

D K 3 1 0 2 2 n  

D K 3 1 U 2 6 0  
U K 3 1 0 2 7 0  
D K 3 l O P 8 0  
0 ~ 3 i o z ~ 9 n  
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DK310300 
OK 310310 
0 ~ 3 1 0 3 2 0  
0 ~ 3 1 0 3 3 0  
DK310340 
OK310350 
DK310360 
UK310370 
DK31038O 
DK310390 
OK310400 

UK~IMO~ 

UK310620 

UKJ 10640 

OK310610 

DK310630 

OK31 0650 
OK3 10660 
DK310670 

UK3 10690 
OK31 0700 
OK310710 
OK310720 
t l ~ 3 1 0 7 3 n  
uI(31074n 
0 ~ 3 1 0 7 5 0  
~ ~ 3 1 0 7 6 n  
~ ~ 3 1 0 7 7 0  
~ ~ 3 1 0 7 8 0  

O K ~ I O R O ~  

UK31068O 

UK310790 

UK3lORlO 
UK310R20 
OK 31U R3n 
OK310840 
OK310850 
U K ~ I  0860 
U K S I U R ~  
U K ~ ~ O R B D  
UK31UR90 
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DK.510900 
OK310910 
OK310920 
OK3109317 
OK310940 
OK3 10950 
OK 31 0960 
OK3 10970 
OK310980 
UK310990 
UK511000 
OK311010 
DK311020 
UK5l lO30 
DK.511040 

UK311060 
UK311070 
OK311080 
UK511090 
O K 3  1 1  100 

~ ~ 3 1 i n m  

u K j i i i i n  
~ ~ 3 1 1  120 
OKJI 1130 

UK 31 i 1 6 n  

UK5 11 140 
UK31 1150 

UK311170 
OK311180 
UK5111Yn 
UK3 11 200 
UK 3 112 10 
UK 3 I 1 7 2 0  

UK.311240 

OK 3 11760 
UKJ1127D 
UKJl l2HO 
OK31 1.990 
UK.511300 
UK 5 1  1310 

UK31133D 

0 ~ 3 i i 2 3 n  

0 ~ 3 i i 2 5 n  

uK511320 

UY 5 1  i 3 4 n  
~ ~ 3 1 1 3 5 n  
UK31136n 
UK511370 
UK51138n 
UK.5 1139 n 
bK.51 1400 

OK51 142fl  
UK51l l l3n 
OK51 1440 
UK31145O 

vr511410 

~ ~ ~ i i 4 6 n  
~ ~ 5 i i 4 7 n  
UK5l.14813 
OK511490 
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*57.29578 
*57.29578 

1 0  I F  (NQORT*NOORT -2*NQOHT)12,1311.2 
13 1GO= -1 

b O  TO 15 
12 1GO= 0 
15 CONTINUE 

UO 19 I I = l t L M A X  
1Y P H I O ( I I ) = P H I b ' L T ( I I )  

*** P H I 2 2  IS THE I N I l I A L  TRUE ANOMALY VALtIE 
I F  (PHIZ2- .  0 1 )  31  ~ 3 1  t 32 

C.0 TO 18 
31 hr5WTCH=O 
111 COlVTINUE 

I\rFlKST=O 
h13u=u 
UO 5 I= l ,NSA lP ,  2 
HEhIND 3;1 
JJ= I 
KK=I+1  
UO 20 L= l ,LMAX 

32 I\tSvrTCH=l 

*** hEAO RlNAHY 5CRAICn  TAPE JT TO O B T A I N  INFOHMATION HECOKDED RY -** SUBHOUTINt LOOP I N  L I N K  1 
-** INFORMATION M I L L  8k HETRIEVEU TWU(Z) NOUkS PER PASS 

DK311500  
DK311510  
DK311520  
U K 3 l l 5 3 0  
UK3 1 1 5 4 0  
OK31 1 5 5 0  
OK 3 1 1 5 6 0  
OK31 1 5 7 0  
OK311580  
DK311590  
OK311600  
OK311610  
OK311620  
DK311630  
OK311640  

OK31  1 6 6 0  
u ~ 3 1 i 6 5 n  

~ ~ 3 i i 6 7 n  
~ ~ 3 1 1 6 8 0  

0 ~ 3 i i 7 i n  

~ ~ 3 1 1 7 3 1 - 1  

0~31175n 

0 ~ 3 1 1 7 7 0  
~ ~ 3 1 1 7 8 0  
~ ~ 3 1 1 7 9 0  
0 ~ 3 i i ~ o n  

U K 3 1 1 6 9 0  
DK.511700 

OK311720  

UK31171tO 

OK311760  

HEAD ( J T ) ( T X ( l , J ) , H S U N ( J ) , H A L B ( J ) , H r L A N ( J ) , H A S U N ( J ) , ~ A A L B ( J ) ,  HAPUK311810 
~LN(J),HATOT(J)PJ=~VNSATP 1 OK311R20 

1 F (  IGO 1 2 5 ~ 3 0 ~ 5 0  UK~IIRJO 
** k E I H I E V E  I N C l D E N l  HEATS LMJIZR~~ 
25 $ l ( L ) = H S U N ( J J )  UK311850  

52 (L )=HSUN(KK)  lJK311860 
A l ( L ) = H A L B ( J J )  O K 3 1 l R 7 0  
A2(L)=HALL i (KK)  DK311880  
P l ( L ) = H P L A N ( J J )  U K 3 l l R 9 0  
P2(L )=HPLAN(KK)  UK311900  
60 TO 16 0 ~ 3 i i 9 i n  

** k E l K I E V E  AESORUEU HEATS CIKJI~~PO 

5 2 ( L ) = H A 5 U N ( K K )  OK311940  
3 0  S l ( L ) = H A S U N ( J J )  OK311930  

A l ( L ) = H A A L U ( J J )  OK3119511 
A2(L )=HAALB(KK)  OK311960 
k ' l ( L ) = H A P L N ( J J )  UK311970  
PZ(L )=HAPLN(KK)  OK511980 
W 1  (L)  =HA COT (JJ) OK51 1 9 9 0  
02 (L )=HA T(JT(KK) 0 ~ 3 1 2 0 0 n  

16 i F ( N O O H T * N Q O K T - 3 * N W K T ) 1 7 , 2 0 , 1 7  0 ~ 3 i z n i n  
1 7  l l I L ) =  T X ( 1 , J J )  0 ~ 3 1 ; ? 0 2 n  

12(L)=  TX(1 ,KK)  OK 3 1 2 0 3 0  
m u = l  DK312040  

>U COlUTINUE OK312050  
1F(N30)40 ,40 ,35  OK312060  

35  IF (NSWTCH)40 ,40#45  DK312070  
** uRnANGE lHUE ANOMALY ARRAY ( P H I P L T I  1h1 ASCENDING OKOEP I F  NOT UK312080  

ALHEADY i~ SIKH I-OHM (LUILL NOT E& ASCENDING WHEN PHIL NOT =o.o 1 0~312n90 
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45 C A L L  A C C t N D ~ P H I O ~ l l r P H I P L T ~ l l ~ T l ~ l l r i 2 ~ I ) , L C A X ~  
40 CONTINUE 
** SUI~HOUTINE DKAW LONSTRUCTS I U E N T I F I E D  PLOTS OF H t  
** ANU/OK TEMP~KATURES 
** NOUES ARE PLUTTEO 1WO ( 2 )  AT A T l M t  

LALL @ K A W ( N O U E ~ P H I ~ ' L T ~ T I M P L T I S ~ , S ~ ~ A ~ ~ A ~ P P ~ ~ ~ ' ~ ~ Q ~  
1 ~ H i O r P N A M E ~ I M T H R U ~ X L A M ~ r X M E G A r A S ~ ~ K I l E ~ D A R K r Z A K E A  
~ L M A X I K E T C H I N O O R T ~ N ~ A T ~ ' ~ K A B G )  

5 LONTlNUE 
J U M k 2  
CALL F l L M A V ( l 1  
LALL CLOCK(TYME21 

K E I  UHN 
t N U  

** KEYUHN TO P ILOT 1N L I N K  1 WITH JUMP =7 

FUH UECK32 r UELK32 

OK312100 
UK312110 

1s DK312120 
OK3121 3 0  

OPr T 1  r T 2 r  l lK312150  
THATSrALLrFOLKS,DK312160 

OK312180 
OK512190 
OK 3 1 2 2 0  0 
UK3 122 1 0  
OK512220 
DK312230 
DK312240 

UK31214n 

0~312171-1 

OK320 0 0 0 
SUUKOOlIt\L DKAW~WOU~rPHIPLTrTIMPLTIS1,52rAl~A~rPlr~2rQlrO2rTlrT7r UK32001n 

~ ~ H ~ O ~ P I \ A M E ~ I M T H R U ~ ~ L A M ~ ~ O M E G A ~ A S P ~ K I ~ E ~ D A R K ~ Z A K E A ~ ~ H A T S ~ A L L ~ ~ O L K S ~ O K ~ ~ O ~ ~ ~  
2 L M A X r K E T C H r N W O R T r N 5 A T P I K A B G )  DKJZOCI~O 

UIMENSION T 1 ( 1 Y 0 ) ~ 1 2 ~ 1 Y 0 1  r T t L L l (  7 t r T E L ~ 7 1  7 ) r R L ( Y )  0 ~ 3 2 0 o ~ n  
U I M E N S l O l \ r  N O U E ~ 2 U O l r I M T H R U ~ 2 0 0 l r  PHII'LT~190~rTlM~Ll~100),510, i fK520050  

UK520060 i ~ 2 ~ i 9 ~ 1 ~ n i 1 i ~ 0 ~ , ~ 2 ( i ~ n ~ ~ ~ i ~ i ~ o ~ ~ r 2 ( i ~ ~ ~ ~ ~ i ~ i ~ ~ 1 ~ ~ ~ ~ i ~ n 1  
UIWIENSIOJ\( TELL ( 7  I vPNAME ( 39) 
UIMLNSION S ~ 1 9 0 ~ r A ~ 1 Y O ~ r P ~ 1 9 0 ~ , Q ~ l Y 0 1  
UIiwENSIOiU X N A M E l ( 1 3 ) r X N A M E 2 ( 1 3 ) , X N H M t 3 ( 1 3 )  
UIWILNSIO~V TOI ' (4) r f jUT(41 r Y L ( Y I r T L ( Y ) r P L ( Y )  
IJII*I€NSION YNAM (S) rTANOM(2)  rYTERP(41 
UIMENSION P H I O ( I Y O I r T A N ( 9 ) r L O C ( 9 ) , N C ( ~ ) r t ) C O ~ Y )  
U I ~ I L N S I O N  AS(7OO I r t )HITE (200 I ,[)ARK (20U 1 , ZAREA ( 2 0 0 1  
U I # E N S I U N  ACKOSS(1Y) rELAMB(LOO)rOMF6A(?U01 
UIMENSIOIU T H A l S ~ 1 6 1 r A L L ~ 2 0 ~ r f O L K 5 ~ 1 ~ 1  
L O M M O N / H L J K / 1 G O ~ J J ~ K K ~ H U N I N F I R S T ~ N A L L ~ A L L l ~ N A L L l  

IF (NFIHST) 2r2r1 
NONt=NFIKST 

** 1Ht INSTKUCTIONS FKOM HERE TU STATtMtNT NO. 1 AKk HEACHED ONCE 
IN EACH CA5E 

2 NFlKST =1 

3 X N u M E l ( I l = P N A M E ( l )  

4 X N H M E ~ ( I ) = P N A ~ E ( A + ~ ~ I  

5 X N ~ M ~ . 3 ( I l = P N H M F ( l + L 6 1  

UA l  A Q00UHL/bHTFnPtK/ 
Y l L M P ( l ) = Q 0 0 u H L  
IJAIA 000 lHL /bHATUKt  / 
YT tMP(2 )=0001HL 
U A l A  OUOLHL/bHOEb. K/  
YTtMP(3)=WUOLHL 
UAI  A QUO3HL/bHAblKII\rE/ 
YTtMP(4l=U003HL 
U A l A  OUOUCT/U310$06232422/ 

U A l A  O U O l C T / u 7 5 0 5 0 ~ 0 5 0 5 0 5 /  
IAlLOM ( 2 )  =WO01CT 
U A l A  0004HL/bHNOUE N/ 
l € ~ L ( l  l=dO04hL 

UO 3 I = l r 1 3  

UO 4 1=1,13 

UO 5 I = l r 1 3  

** 5 E l  UP HLU StNTEivCLS TO BE WKITTtN A 5  PLOT IUFNTIF ICATION 

I A N O M ( ~ ) = U O ~ U C T  

- 
DK320070 
OK320080 
UK320090 
UK520100 
DK320110 
DK320120 

UK320140 
OK3201 50 
UK320160 

UK320180 

OK320200 

OK320220 
UK320230 
UK32O240 
OK320250 
OK320260 
UK320270 

UK3702Y 0 
bK3203110 

UK520320 

OK520340 
UK320350 
UK570360 

UK320380 
DK320390 
DK320400 
DK320c110 
UK320420 

0 ~ 3 2 0 1 3 n  

0~32017n  

~ ~ 3 2 0 1 9 n  

UK 320  21  n 

OK370280 

0~320310  

0~320331-1 

0 ~ 3 2 0 3 7 n  
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U A l A  QOOSHL/bHUMBEK / 
1 ELL (2 ) = d O O 5 h L  
O A T A  0 0 U o H L / b H C A b E  N /  
I E L L ( 4 ) = W O 0 6 H L  
l E L L ( 5 ) = W U 0 5 H L  
U A l A  Q U 0 7 H L / b H  L/ 
A C H O S S ( l ) = Q O U 7 H L  
L A l A  4 0 0 8 H L / b H A M U D A = /  
A C K O 5 S ( 2 ) = 0 0 U R H L  
U A l A  OUOYHL/bH OMkb=/ 
ACHOSS(4 )=QOU9HL 
l F ( N O O H T - 3 ) 7 U ~ 7 1 f 7 1  
UA I A Q O l U H L / b H  PLAl\rE/ 

7 1  A C K O S S I  6 ) = Q U l O H L  
U A I A  Q O l l H L / b H T  A B 5 ( /  
UCKOSS ( I ) = Q U l l H L  
b A i A  Q O l I H L / b H S U N )  =/ 
UCHOSSL M ) = Q U ~ ~ H L  
U A l A  ( 3 0 1 3 H L / b H  P L N t T /  
H C H O S S ( l t J ) = Q U l S H L  
U A l A  Q 0 1 4 H L / b H  A U S ( S /  
A C K O 5 S ( l l ) = Q U 1 4 H L  
U A l A  Q t J l S H L / b H H A U E ) = /  
A C K O S S ( 1 2 ) = Q U l S H L  
U A l A  Q O l b H L / b H  SOLAR/  
A C H O S S ( 1 4 ) = Q U 1 6 H L  
L l A l A  Q U I ? H L / b H  A d 5  =/ 
H C ~ O S S ( ~ S ) = Q U ~ ~ H L  
U A I A  Q 0 1 8 H L / b H  SUNFA/  
A C K O S S ( I 7 ) = 0 U l S H L  
U A l A  Q t l l Y H L / b H C E  A * = /  
A C K O 5 S ( l k 3 ) = 0 0 1 Y H L  

7u I \ rTvP=3u 
t * *  LOi\rVEHT HUN NO. TO BCD 

CALL H L N U t C  1RUNINLHUN,TELLlb) ,UbM~lY~ 
l E L L ( 6 ) = F U T A ( T E L L ( b ) )  
l F I N B O K T *  NQUHT -2*NBOHT ) 2 5 ~ 2 4 , 2 5  
U A l A  QU20HL/bHAR5OKB/  

25 Y N A M ( 1 )  = QOSOHL 
LJAlA Q 0 2 1 H L / b H E D  / 
Y N H M ( 2 )  = Q O L l H L  
b O  TO 26 
LJAIA 0 0 2 2 H L / b H I N C I U E /  

24 Y N h M ( 1 )  =OOPLHL 
b A I A  Q 0 2 3 H L / b H N T  / 
Y N A M ( 2 )  =OO25HL 
U A l A  Q U 2 4 H L / b H  H t A l  I/ 

26 Y N A M ( 3 )  Z O 0 2 9 H L  
U A l A  Q 0 2 5 H L / b H B T U / H K /  
Y N A M ( 4 ) = d 0 2 5 h L  
IF (KE r C H  1 2 7 1 2 8 r 2 7  
U A l  A Q 0 2 b H L / b H  F I **2/ 

bo TO 29 
U A l A  0027HL/bH....../ 

2M Y N u M ( 9  1 = P O L 6 H L  

27 Y N H M ( 5  ) =QOL7HL 
2 Y  COi \ rTINUF 

XMiN=O.U 

1 L ~ 1 1 = T I M P L T ( l 1  
XMAX=TIMIJLT(LMAX) 

D K 3 2 0 4 3 0  
O K 3 2 0 4 4 0  
O K 3 2 0 4 5 0  
O K 3 2 0 4 6 0  
D K 3 2 0 4 7 0  
O K 3 2 0 4 8 0  
D K 3 2 0 4 9 0  
O K 3 2 0 5 0 0  
O K 3 2 0 5 1 0  
D K 3 2 0 5 2 0  
O K 3 2 0 5 3 0  
O K 3 2 0 5 4 0  
O K 3 2 0 5 5 0  
D K 3 2 0 5 6 0  
D K 3 2 0 5 7 0  
O K 3 2 0 5 8 0  
OK 320 59 0 
D K 3 2 0 6 0 0  
O K 3 2 0 6 1 0  
D K 3 2 0 6 2 0  
D K 3 2 0 6 3 0  
O K 3 2 0 6 4 0  
O K 3 2 0 6 5 0  
O K 3 2 0 6 6 0  
D K 3 2 0 6 7 0  
O K 3 2 0 6 8 0  
D K 3 2 0 6 9 0  
O K 3 2 0 7 0 0  
O K 3 2 0 7 1 0  
O K 3 2 0 7 2 0  
D K 3 2 0 7 3 O  
D K 3 2 0 7 4 0  
O K 3 2 0 7 5 0  
D K 3 2 0 7 6 0  
D K 3 2 0 7 7 0  
O K 3 2 0 7 8 0  
O K 3 2 0 7 9 0  
D K 3 2 0 8 0 0  
O K 3 2 0 8 1 0  
O K 3 2 0 8 2 0  
O K 3 2 0 8 3 0  
O K 3 2 0 8 4 0  
D K 3 2 0 8 5 0  
O K 3 2 0 8 6 0  
D K 3 2 0 8 7 0  
O K 3 2 0 8 8 0  
O K 3 2 0 8 9 0  
D K 3 2 0 9 0 0  
O K 3 2 0 9 1 0  
O K 3 2 0 9 2 0  
O K 3 2 0 9 3 0  
O K 3 2 0 9 4 0  
O K 3 2 0 9 5 0  
O K 3 2 0 9 6 0  
D K 3 2 0 9 7 0  
D K 3 2 0 9 8 0  
O K 3 2 0 9 9 0  
O K 3 2 1 0 0 0  
D K 3 2 1 0 1 0  
O K 3 2 1 0 2 0  
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P M i N =  P L ( l 1  
PMAX= P L ( Y 1  

1 1 F ( N O O K ~ - l l l l ~ l O U t l l  
11 C O i v l I N U E  

l F l K S T = l  
1 N U O E Z J J  
LIO 10 I = l , L M A X  
5 ( 1 ) = 5 1 ( 1 )  
A ( l I = A 1 ( 1 1  
P ( l ) = P l ( L )  

1 0  0(1)=01(11 

*** b E 6 I N  P L O T  S C H E M t  v S T A R T I N G  W I T H  t L t M E N T  JJ 

15 CALL H s E r ( 1 )  
*** U E l E K M I N t  L I k I T S  OF H E A T  ARRAYS 

“ C A L L  H l L U W ~ S ~ l ~ ~ L M U X ~ T O P ~ l l ~ U O T ~ l I  I 
C A L L  H I L U W ( A ( l I ~ L M A X ~ T O P ( 2 ~ ~ U O i ~ ~ l  I 
L A L L  H 1 L O W ( P l 1 l ~ L M A X ~ T O P ( ~ l ~ ~ O T ~ 3 )  I 
I F ( I G O ) l b ~ 1 7 , 1 7  

CALL  HILu*(POT(l)r4,OUM,QMIN) 
60 TO 18 

16 ~ O f ( 4 ) = 1 u U o n . 0  
1 o r  (41 =o * 0 
C A L L  HILOW(TOP(1),4,0MAX,DUM) 
C A L L  H ILUW(FcUT(  1) , 4 , U U R ~ Q M I N l  

17 CALL  ~ILOW(QIlI,LMHX,QMAX,~OT(4)) 

18 L O i L T l N U E  
*** S K A L E  OElCKMlhl€S A S U I I A B L E  M P X s M I N ,  PND 7 VALUES 1N PETWEEN 

L A L L  S K A L t ~ 0 k A X ~ ~ M l N ~ Y L ~ 1 ) , Y L o , Y L O , r L ~ 3 ~ ~ Y L ~ 4 l ~ Y L ~ 5 ~ ~ Y L ~ 6 l ~ Y L ~ 7 l ~  
1 Y L ( d l . Y L ( Y )  I 

w M l N = Y L ( l I  
Q M A X = Y L ( Y l  

CALL  GHIU~N ( f i 3 ~ i n ~ 3 ~ 0 ~ Y 6 0 ~ 1 ~ , 1 2 ~ i u ~ i n  1 
*** bErvEHPTE GKIU ANu P L O T  H E A T S  

CALL P L O l l  ~ ~ ~ ~ , X M ~ N ~ X M A X ~ Q M I N , Q ~ I A X ~ ~ I M P L T ~ ~ ~ ~ ~ ~ ~ ~ ~ L M A X ~ ~ ~ ~ H S ~  
C A L L  P L O l l  ~ ~ , ~ ~ X M I N ~ X M A X ~ Q ~ I N ~ Q M A ~ ~ ~ I M P L T ~ ~ ~ ~ ~ ~ ~ ) ~ L M A X ~ ~ ~ ~ H A ~  
C A L L  P L O l l  ~ 1 ~ l ~ X M l N ~ X M A X ~ Q M l ~ ~ Q M A X ~ i T M P L T ~ l ~ ~ ~ ~ l l ~ L M A X t l ~ l H ~ l  
1I-( 1GO 1 3 O t d O , 2 U  

20 C A L L  P L O l l  ~ ~ ~ 1 ~ X M l N ~ X M A X ~ Q M l ~ , Q M A X ~ l ~ M P L T ~ l l ~ Q ~ l l ~ L M A X ~ l ~ l H Q ~  
30 1 F ( N O N t ) Y 3 , 9 4 , Y 3  
Y4 uo 7 I = l , Y  

*** t-Ii\rU 7 H l k  ANUMALY (TAN(I)I COKRESPUNUING TO I I M E  T L ( 1 )  

*** COi\rVEHT t A C H  T A N i I )  ( T K U E  ANOMALY) T U  E C u  E Q U I V P L F I V T  
C A L L  X I N ~ H P ~ L M A X ~ l l M P L 1 ~ 1 l ~ T L ~ I l ~ P H I U ~ l ~ ~ T A N ~ I l  ) 

l F ( T A N ( I l l 4 4 ~ 4 3 ~ 4 4  
VAIA 0 ~ 0 ~ c i / u n 5 n ~ u 5 0 5 n 5 n 5 /  

43 bCU ( 1) = Q U l l 2 C l  

44 C A L L  ~ I N U ~ C ~ I A N ~ l l ~ N C ~ I ~ r R C D o 1 U U M M Y ~  
G O  ‘ IO 8 

i3Cu ( 1 I =I-U I A ( b C 0  ( 1 I 1 
UUMMY=FDIA(OUMMY) 

8 N c ( l I = o  

1 L ( 9 l = X M A X  O K 3 2 1 0 3 0  
I JEL=(XMAX-XMlN) /& ,U  O K 3 2 1 0 4 0  
T L (  21 =DEL D K 3 2 1 0 5 0  
UO 6 I = 3 t H  D K 3 2 1 0 6 0  
1x=1-1 O K 3 2 1 0 7 0  

b l L ( I ) = T L ( I X l + D E L  O K 3 2 1 0 8 0  
*** S K A L E  OEltKMlNES A S U I T A E L E  MAXIMIN, PND 7 VALUES I N  BETWEEN D K 3 2 1 0 9 0  

C A L L  S K A L t  ~ P H I P ~ T ~ L M A X ~ ~ P H I P L T ~ ~ ) , P L ~ ~ P L ~ ~ ~ ~ P L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L ~ ~ ~ I P L ~ ~ ~ ~  O K 3 2 1 1 0 0  
1 P L ~ 6 l , P L ~ 7 I , r L ~ R l t ~ L ~ 9 1  I O K 3 2 1 1  1 0  

D K 3 2 1 1 2 0  
O K 3 2 1 1 3 0  
D K 5 2 1 1 4 0  
D K 3 2 1 1 5 0  
O K 3 2 1 1 6 0  
O K 3 2 1 1 7 0  
O K 3 2 1 1 8 0  
D K 3 2 1 1 9 0  
D K 3 2 1 2 0 0  
O K 3 2 1 2 1 0  
O K 3 2 1 2 2 0  
O K 3 2 1 2 3 0  

O K 3 2 1 2 5 0  
O K 3 2 1 2 6 0  
O K 3 2 1 2 7 0  
O K 3 2 1 2 8 0  

O K 3 2 1 3 0 0  
D K 3 2 1 3 1 0  
D K 3 2 1 3 2 0  
O K 5 2  1330 
O K 3 2 1 3 4 0  
O K 3 2 1 3 5 0  
O K 3 2 1 3 6 0  

D K 3 2 1 3 8 0  
O K 3 2  1390 
O K 3 2 1 4 0 0  
O K 3 2 1 4 1 0  
O K 5 2 1 4 2 0  
D K 3 2 1 4 3 0  
O K 3 2 1 4 4 0  

O K 3 2 1 4 6 0  
O K 3 2 1 4 7 0  
D K 3 2 1 4 8 0  

0~321240  

0~3212911 

O K 3 2 1 3 7 0  

0~3214511 

0~32149n 
U K 3 2 1 5 0 0  
O K 3 2 1 5 1 0  
O K 3 2 1 5 2 0  
U K 3 2 1 5 3 0  
U K 3 2 1 5 4 0  
U K 3 2 1 5 5 I l  
O K 3 2  1560 
O K 3 2 1 5 7 0  

O K 3 2 1 5 9 0  
O K 3 2 1 6 0 0  
O K 3 2 1 6 1 0  
UK 32 1620 

0 ~ 3 2 1 5 8 ~ 1  
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*** 

7 

*** 
Y 3  

Y 5  

73 

74 

DK321630 
OK321640 
DK321650 
OK321660 
OK321670 

OK321690 
~ ~ 3 2 1 6 ~ 1 0  

OK321700 
0 ~ 3 2 1 7 1 ~ 1  
0 ~ 3 2 1 7 2 0  

0 ~ 3 2 1 7 4 0  
UK32175n 

OK321730 

OK321760 
OK321770 
OK321780 
OK321790 
OK321800 
DK321Rlo 
DK.521820 

OK321840 
UK321850 
DK321860 

UK321R30 

UK371870 
~ ~ ~ z i 8 8 n  
OK321890 
OK321900 
OK321910 
OK321920 
~ ~ 3 2 1 9 3 0  
D K X l 9 4 0  
OK371950 
OK321960 
1 ~ ~ 3 2 1 9 7 1 1  
0~3219a1-1 
uK32199n 
OK322000 
UK322010 
DK322020 
OK322030 

OK322050 

DK3?2070 

OK322090 
OK322100 
OK322110 
UK322120 
OK322130 
OK322140 
DK322150 
OK322160 

0 ~ 3 2 2 0 4 0  

0 ~ 3 2 2 0 6 0  

0 ~ 3 2 2 n a o  INCLIIUINC SAMt 

~ ~ 3 2 2 1 7 ~  
0 ~ ~ 2 2 1  an 
OK322190 
OK372200 
OK322210 
OK322220 
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A ( l ) = A P ( I )  DK322230 
P ( l ) = P 2 ( 1 )  OK322240 

5 u  o(l)=QL(l) DK522750 
I F l H S T  = 2 OK322260 
NONE=l DK322270 

lF( I rUODE-NSATP)lS, l5rb0 OK522290 

100 l F ( I M T H R U ( J J ) + I M I H K \ J ( K K )  )104,1OL,104 UK322310 
L *** PLOT STAt j I L ILED IEMPERATUHES O F  t L t M t N T S  JJ AP'U KK I F  HFOtlIREO OK322320 

1 0 4  C A L L  h I L O w  ( T 1 ( 1 I ~ L M A X ~ T l M A X ~ T 1 M l N )  OK322330 

INOOt= KK 0 ~ 3 2 2 2 8 0  

6 0  lF(NWOHT*NQOHT- .5*NQORT )100,102,100 OK322300 

CALL h I L O W  ( I ~ ( ~ ) P L M A X ~ T ~ M A X ~ T ~ M A N  ) 0 ~ 3 2 2 3 4 n  
~ ~ 3 2 2 3 5 n  

L *** SKALE DETtHMlNES A SUITABLE MAXIMIN, PNO 7 VALUFS I N  PETWEEN 0 ~ 3 2 2 3 7 0  

lMAX= AMAXl(11MAXW I2MAX) 
l M l N =  A M I N l (  I l M I l V ,  l 2 M I N )  DK522360 

LALL SKALt  ( 1 M A X , T M I N , k L ( l ) , K L ( 2 ) , K L ( J ) , K L ~ 4 ) , K L ( S ) ~ K L ~ ~ ) ~ K L ~ 7 ) ~  DK522380 
l k L ( H ) , H L ( Y )  ) UK32239l l  

C *** bENEKATE GRIU THtN  P L O l  S T A B I L I Z t D  Ttb'PEKAlUHFS AND I I E N T I F Y  OK322400 
C A L L  K S E I ( 1 )  UK322410 
C A L L  GHID~N (63,io~3,n,~60,i~,12,1u,in 0 ~ 3 2 2 4 2 0  
l F L I M T H K U ( J J ) ) 6 7 , 6 7 v 6 8  bK32243n  

6 7  IF ( IMTHHU(KK) )66 ,6b ,69  0 ~ 3 2 2 4 5 0  
6 Y  lF(KK-NSATP)oS,hSrbb 0 ~ 3 2 2 4 6 n  

611 CALL P L O l l  ~ 1 ~ 1 ~ ~ M l N ~ P k A X ~ R L ~ l ~ , n L ( 9 ) 1 P n ~ P L T ~ l ~ ~ l ~  ( l ) , L M A X , l * l H l  )OK322440 

65" L A L L  P L O l l  ( l r l , ~ M , N , P k A X ~ R L ( I ) , H L ( 9 ) , P H l P L  ( l ) v T ? ( l ) , L M A X t l # l H 2  lUK.322470 
L *** l I U E N T  CONSlKUCTb SENTLNCFS T F L L l  ANU TFLLL kH lCH UFSfK IbF  UK322480 
L *** 1tMPtRATUKE LUKVtS OK322490 

66 C A L L  T l D t N T  (JJ,KK,IMTHHU(l),TELLl~l)~T€LLL l ) rNSPTP,WJJ ,NCKK)  UK322500 
bo 1 0 1  I = l , Y  OK322510 

A 0 1  C A L L  L A H t L X ( P L ( I ) , l , O )  DK372530 

LALL P K I N T (  b 3 1 Y d l t  8 ~ 0 7 N N C , T F L L 1 ( 1 1 1  DK322550 
NCV= 6+ NCJJ OK322560 
C A L L  P R I l ~ l ( 2 5 5 , Y b l .  8vU8NCO , T F L L l ( S ) )  OK322570 

LALL  P H I N l (  b3,9Y2, B t U v N N C , I E L L L ( l ) )  DK522590 
&CU= 6+ NCKK UK322600 

C A L L  PRIN1(351,Y92,  8,Ut 6, l tLL .L( / ) )  OK522620 
CALL P K I N l ( 6 5 ~ 1 O u 3 ,  8 ~ U ~ 7 H , X N A M E I ( l ) )  UK32.2630 
C A L L  PH I N T  ( 6 5  v 1 0  13 t OK322640 
C A L L  PKINT(h3 ,10L3 ,  11rU178,XNAME3(1)) UK322650 
L A L L  PRI IU l (  l , Y ~ Y , d , 0 , 1 2 , T A N V b ( l I )  UK3226.517 
C A L L  P H I N T ( l U , 3 h S ~ U ~ 1 3 ~ 2 4 ~ Y T t ~ ~ ~ l ) )  OK522670 

L *** ~ E K Y I N A T ~  Th15  PLOI ANU HFTtIKN TO M A l h 2  wHtHk IVF W I L L  OPlAlN L)K522fiBll 
C *** 1NtOHMATlON P E R T A I i ~ I N G  T O  T H t  NkXT TWO FLFMkhTS OK322690 

LALL i)MP.'tlUF UK5227Ufl 
102 KElUKhl OK 3 2 2 7  10 

thlJ UK322720 
t F VU LIEC&33 t u t L K 3 3  UK330000 

UK33001fl  
LSKALt  uK33002n  
L TKIIi\1CAl~rKO(JNU AND FLOAT, INStF, I I VAL~ES P tTWFtN 7 GIVEN VALUFOK330030 
L TUP = bIVtN TUP VALUE(MAX) 0 ~ 3 3 0 n c r n  
C bOlTUM = GIVtN RuTlOM VALI lEfMIN) UK530050 
L A = SCALED MII \ IMLJM UK330060 
L H = INStKTFU V A L ( &  1 O Y ~ T O O ~ O  
L C = INStKTFU VALUL 2 UK330080 
L [) = INSLHTEU VALIIE 3 OK330090 

LALL L A H C L Y ( k L ( I ) r l @ U )  DK5?252n 

RNL= l e +  NCNODE UK522540 

C A L L  P K I N T ( 3 S l , Y a l ,  6 ~ 0 ,  6 , T t L L l ( / ) )  UK372580 

L A L L  PHIN1(355,YY2,  8 , U ~ N C O ~ l F L L L ( S ) )  0 ~ 5 2 2 f i i n  

11 v 0 r 78 P XI\ AMEL ( 1 ) 1 

SUUKOt I T  I N t  SKALF (1 Ul'~f30T TOM, A 9 8, L P 0 ,  t, F P b e H, X I 1 
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c 
c 

L 

E = INStHTEU VALUE 4 
F,G,H, AND XI ARE INSERTFD AT PKOPEH LOCATION 

tINC=TOP-BOTIOM 
A S T  = ALOti(FINC)/ALOG(lO.O) 
I F  ( A S T I  5 ~ 1 U ~ 1 0  

5 ~51=AST-1.0 
1 0  NASTZAST 

1 5  

17 
2 0  

100 

2 

1 

5 

FJI~AST=~U.O**NAST 

tMIN=PlOAST*AINT(BOTTOM/PlOAST) 

FMIN=FMIN-PlUAST 

FMAX=P10AbT*(AINT(IOP/PIOAST)+l~~) 

l F \BOTTOM)15 ,20 t20  

I F  (TOP)  1 7 t 2 0 t 2 u  
lop  = TOP - PlOAST 
SC=(FMAX-FMIh)/B.O 
HZCMlN 
ij=u+sc 
c=a+sc 
u=L+sc 
C U + S C  
F=E+SC 
G = t  +SC 
H=B+SC 
X I = F M A X  
KETUKN I 
t N U  

FOH UECK35tUECK35 
SUtlKOllTINE ACCENU ( XVt  X t  Y t21N) 

**% AHnANGt X , Y t  AND 2 I N  OHDEH OF INCKFASING X LALUkS RUT KkFP 
***ORIGINAL URDtR OF X ARkAY I N  XV 

UIkLNSIO1U X ( l ) o Y ( l )  t Z ( 1 )  

1 0 4  

L f l l  

102 

OK330100 
OK330110 
DK330120 
UK330131, 
OK330140 
OK330150 
OK330160 
DK330170 
UK330180 
OK330190 
OK330200 
OK330210 
DK330220 
OK530230 
OK330240 
UK330250 
DK330260 
DK330270 
OK330280 
OK330290 
OK330300 
OK330310 
OK330320 
DK330330 
DK330340 
OK330350 

OK340000 
OK540010 
OK340020 
OK340030 
OK 34 0 040 
OK340050 
OK340060 
UK340070 
UK340080 
DK340090 
DK.340100 
OK 3 4 0  1 1 0  
OK340 1 2 0  
DK340130 
UK340140 

OK 3 5 0  00 0 
OK350010 
UK35 0 0 2p 
OK350030 
UK350040 
UK350050 
OK350060 
UK350070 
UK350080 
OK350090 
OK350100 
UK350 1 1 0  
OK350120 
UK350130 
GK350140 
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IOU 

lU5 

F UK VECn36 I UELK3h 
SUtJHO\IlfNk H l L O W ( T A ~ L F e N P T S 1 X ~ 1 , X L O )  
u I I N ~ N S I O I U  TAbLE(1) 
XLU=TAIjLE(l) 

UO 10 IzLINPIS 
XLV=AMINl(XLUrTA~Lt(I) ) 

1U X H ~ = A M A X ~ ( X H ~ I T A ~ L ~ ( I )  ) 

k € l  UKN 

X H I = T A U L L ( ~ )  

‘tNU 

FOR oECn37 t utbK37 
SUDKOIITIN~ TIDEN1 IJJ,KK,IMTHHUIlFLLlrTFLL2?NSATP~IWJJINCKK) 

*** IIUEN? CONSTKUCTb bENTtNCES rELLl nNlJ TFLL.! hHICH OFSCRIBE 
r** 1 EdPtHnTuHE LUHVtS 

UlPikNSiON T E L L ~ ( / ) I T E L L Z ( ~ ) I I M T H K U ( ~ U D )  
UA) A I i /UU50505050305/  
LJAIA TS/bHCUKVE / 
LlAlA Tb/bH1 = EL/ 
bAIA T7/SHkMtNT / 
lJAlA TM/SHAFIFR / 
UAlA Tg/bHORbITS/ 
u A I A  110/hH2 = EL/ 
If ( IMTtiHuIJJ) ) 1011U120 

1U (10 15 1=1?7 
15 IE~L1(1)=11 

bo T U  50 
2u ltLLl(l)=75 

1 ELL1 (2) =16 
lkLL1(3)=II 
I E L L ~  (5)=1 M 
l FLLl(7)=19 

30 I F ( I M T H H ~ ( K K ) ) ~ O , U U I ~ ~  
40 LO 45 1=117 
45 ItLLL(I)=II 

bo TO bo 
SU IELL2(1)=15 

IELL2(2)=T 10 
I ELL2(3)=17 
I  ELL^ (5) = T M  
IELL2(7)=T9 
I F (  IMTHHU( JJ)+IClHKU(KK) 161 *711,6l 

~ E L M ~ = J J  

,>U 
>l hOnbIT=Ii 

DK350150 
OK350160 
DK350170 
DK550180 
OK350190 
DK350200 
UK350210 
DK350220 
OK350330 
OK350240 
OK350250 

OK350270 
0~350260 

UK3h0000 
UK3hO010 

OK360030 
OK560040 

OK360060 
OK360070 
OK560080 
OK360090 

~ ~ 3 6 0 0 2 0  

uK360050 

OK370000 
OK370010 
OK370020 
OK370030 

OK370050 
OK570060 
OK370070 
DK370080 
lJK370090 
l J K 3 7 U  100 
0~3701 in 
lJK370120 
OK370 130 
OK370140 
UK57U150 
OK370160 
OK370 17fl 
OK370180 
0~37019n 
UK 37u2 0 0 
UK37U210 
OK 570220 
OK370230 
OK370240 
~ ~ 3 7 0 2 5 0  
UK370260 
OK57U270 
UK370281l 
0 ~ 3 7 ~ 2 9 n  
OK370300 
UK370310 
OK 370320 

0r37004n 
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OK370330  
O K 3 7 0 3 4 0  
DK370350  
DK370360  
DK370370  
OK370380  
OK370390  
OK370400  
DK370410  
DK370420  
OK370430 
OK370440  
OK370450 
OK370460  

0 K 3 8 0 0 0 0  
DK380OlO 
OK380020  
OK380030  
OK380040  
UK380050  
OK380060  
DK380070  
OK380080  
DK380090  
DK3801OO 
DK3ROl lO  
UK380120  
DK380130 
DK380140  
DK380150  
OK380160 
0~38017n 
0 ~ 3 a o i a o  
0~3130  190 
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